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ABSTRACT 
 
Prediction of Independent Walking in Young Children with Cerebral Palsy 
Denise M. Begnoche, PT, DPT, PhD 
 
 
       Independent walking for even short distances is an important goal for families and 
focus of physical therapy intervention in young children with cerebral palsy (CP) 
classified Gross Motor Function Classification System (GMFCS) levels II-III. The aims 
of this research were to: 1) identify child factors (postural control, reciprocal lower limb 
movement, functional strength, and motivation) and family factors (family support to 
child and support to family) that indicate readiness for independent walking; and 2) 
examine whether a parent reported focus and amount of physical therapy (PT) predicted 
usual methods of walking in daily settings.  
     Participants in the first study were 80 children with CP, 2-6 years of age. Backward 
stepwise logistic regression was used to analyze a person-environment model of child and 
family factors that predicted children’s ability to take steps independently. Functional 
strength measured in a dynamic sit to stand task that incorporates components of postural 
control and coordinated body movements was the only variable that predicted taking 3 or 
more steps independently after one year. The model had a 79% probability of predicting 
not walking and a 54% probability of predicting walking.  
     Participants in the second study were 84 children with CP, 2-6 years of age, also 
classified GMFCS levels II-III. For each of four settings, (home, preschool, community, 
outdoors), multiple linear regression was used to analyze a model of the parent reported 
focus of PT services on balance activities for postural control, strengthening exercises, 
	   x	  
	  
transfer training, and mobility training and the amount of PT received.  A focus on 
strengthening exercises was the only significant predictor of walking performance at 
preschool only, (P<.05), explaining 17% of variance in children’s usual method of 
walking. The regression model was not predictive of walking at home, inside community 
buildings, or in outdoors settings.  
     These studies add to previous research supporting strengthening activities for children 
with CP, indicating that a child who is able to stand from a bench may be ready for a 
focus on walking, and a focus on strengthening exercises in physical therapy may 
optimize walking independence in preschool. Future studies measuring child and family 
factors at frequent intervals are needed to determine precise indicators of readiness for 
independent walking. Prospective studies are recommended to examine the relationship 
between strengthening in closed chain functional activities in therapy and during daily 
activities and children’s usual method of walking in everyday settings. Physical therapists, 
parents, and other providers are encouraged to provide frequent opportunities for practice 
of functional strengthening, i.e., sitting to standing from a bench or climbing the ladder 
on the slide, and other components of walking to promote more independence in walking 
in young children with CP. Task-specific practice of walking throughout the child’s day 
may be influenced by the people and settings providing opportunities for practice. 
Effective collaboration, consultation, and coordination between therapists and others may 
be indicated to maximize opportunities for walking practice. 
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1:1 Specific Aims 
Walking is an important goal for many families of young children with cerebral 
palsy (CP) (Beckung, Hagberg, Uldall, & Cans, 2008; Palisano, Hanna, Rosenbaum, & 
Tieman, 2010). CP is primarily a chronic disorder of posture and movement characterized 
by early motor control problems that can lead to difficulties with walking (Rosenbaum, 
Paneth, Leviton, Goldstein, & Bax, 2006). Results of a study of children with CP who 
walked with or without assistive devices showed that more physical independence and 
mobility was associated with fewer participation restrictions (Kerr, McDowell, & 
McDonough, 2007). For young children with CP, independent walking is the ability to 
take steps without support of hands, objects, or assistive mobility devices, (AMD). 
Walking without support, even for short distances of a few feet, may impact 
independence in daily activities at home or school, or in future employment in an 
individual who is able to use the restroom without assistance.  
The complex nature of limitations in activity and participation in children with CP 
hindered by problems with walking (Rosenbaum et al., 2007) consumes significant 
family time and rehabilitation resources (Hebbeler, Levin, Perez, Lam, & Chambers, 
2009; Novak, 2011). Physical therapists collaborate with families to provide early 
interventions to promote developmental motor skills including walking. However 
empirical evidence to guide therapists and parents in determining when a child has the 
foundational abilities indicating he or she is at or near the point of taking steps 
independently, i.e., ‘ready’ to walk, is lacking. Motor learning of a novel skill such as 
walking occurs during a sensitive period of receptivity to change (Thelen & Ulrich, 1991). 
Sensitive periods are defined as transitional periods of instability in the development of a 
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coordinated movement pattern during which interventions might be particularly effective 
(Campbell, 2012; Heriza, 1991; Thelen, 1995).	  	  Determination of key neuromuscular 
functions of the child, e.g., postural control, and psychosocial aspects of the child and 
family that influence independent walking will guide decisions on physical therapy 
interventions.  
 Research on the prediction of walking in young children with CP has focused on early 
motor abilities indicating an important period of development in the first 3 years (Bottos 
& Gericke, 2003; Fedrizzi et al., 2000; Rosenbaum et al., 2002; Wu, Day, Strauss, & 
Shavelle, 2004). Early retrospective studies including children of all motor abilities 
identified child characteristics e.g., the presence or absence of key primitive reflexes 
(Bleck, 1975), distribution of involvement, and age of acquisition of early motor 
milestones such as sitting without support, as predictors of future walking (Campos de 
Paz, Burnett, & Braga, 1994). Prospective studies identified reciprocal crawling (Badell-
Ribera, 1985), and the number and rate of acquisition of motor milestones (Fedrizzi et al., 
2000) in the first 30 months as predictive of independent walking. Collectively these 
studies suggest neuromuscular functions, e.g., postural control and reciprocal movement 
between the lower limbs associated with walking. 
 Physical therapists do not have a comprehensive model for determining when a child 
with CP is ready for an efficient and cost-effective habilitation plan to learn to walk. 
Evidence supports three child neuromuscular functions that may be important 
prerequisites to walking. Postural control has been identified as a key problem 
influencing daily activities in children with CP (Brogren, Hadders-Algra, & Forssberg, 
1998; de Graaf Peters et al., 2007). Reciprocal movement between the lower limbs is 
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necessary to take alternating steps forward (Thelen & Ulrich, 1991). Functional muscle 
strength in key muscles needed for walking is diminished in children with CP (Adolph, 
Vereijken, & Shrout, 2003; Damiano & Abel, 1998). However, the threshold of ability on 
a combination of key neuromuscular functions that indicates a child is ready to walk is 
not known.  
In addition to neuromuscular functions, psychosocial aspects of the child and family 
may influence walking. Motivation in the child, signaling an intrinsic drive to master a 
challenging skill such as walking, has been identified by therapists as a determinant of 
basic motor abilities and is related to developmental outcomes of children with 
disabilities (Bartlett et al., 2010; Bartlett & Palisano, 2002; Majnemer, Shevell, Law, 
Poulin, & Rosenbaum, 2010). A supportive daily living environment coordinated by the 
family describes the people and settings that create situations for natural learning to take 
place (Dunst et al., 2001). Family environmental affordances describes the family support 
to the child and support to the family by others, i.e., professional and community 
providers, reflecting family readiness to provide opportunities for practice of task-
specific functional activities such as walking in everyday experiences. The impact of 
family environmental affordances on walking has not been elucidated.  
 Determination of readiness for walking is particularly important for a subgroup of 
children with CP whose trajectory and prognosis for attaining independent walking is less 
certain. Using the Gross Motor Function Classification System, GMFCS, children in 
level I are predicted to attain independent walking, defined as walking without AMD 
(Palisano, Rosenbaum, Bartlett, & Livingston, 2008; Palisano et al., 1997). Children in 
level II may use AMD early but are expected to attain independent walking with 
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limitations outdoors. On average, children in level III may not attain independent walking 
even for short distances (Palisano et al., 2008; Palisano et al., 1997). In a seminal study of 
children with CP, motor development curves showed large variability in Gross Motor 
Function Measure (GMFM) (Russell, Rosenbaum, Avery, & Lane, 2002) scores among 
GMFCS levels (Rosenbaum et al., 2002). The motor curves demonstrate that children 
with CP approach the limits of their gross motor function by age 6, consistent with a 
sensitive period for the development of motor abilities and walking. Yet, the contribution 
of specific neuromuscular functions and psychosocial aspects within the child, i.e., ‘child 
factors’, and family environmental affordances i.e., ‘family factors’, to the determination 
of when a child may be ready for a focus on walking is not known.  
To my knowledge, no one has examined a person-environment model, i.e., the child 
and people and settings, as potential factors influencing independent walking. This study 
will propose and test a conceptual model of factors associated with independent walking 
in young children with CP. Different from previous studies investigating child abilities, 
i.e., motor milestones associated with walking, this study will consider child and family 
factors together.  
Research is also needed to inform decisions on ‘how much’ and ‘what type’ of 
intervention is effective for children with CP who are ready to walk. Understanding the 
amount and focus of interventions associated with the child’s usual method of walking in 
the home, school, and community is necessary to determine the influence of each on daily 
walking in natural environments. The amount of physical therapy received by children in 
the Move & PLAY study (Bartlett et al., 2010; Chiarello, Palisano, Bartlett, & McCoy, 
2011) did not differ among children in GMFCS levels II-V and more than half received 
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services 2-4 times per month. Parent perceived focus of therapy interventions identified a 
higher focus on activity, including transfer and mobility training and practice of specific 
tasks, for children in levels II-III than children in all other levels (Palisano et al., 2012). 
Investigating if these interventions are associated with walking throughout the child’s day 
may reflect coordinated efforts between therapists and families towards motor learning of 
novel skills (Damiano, 2006; Hickman, McCoy, Long, & Rauh, 2011; Palisano & Murr, 
2009; Ulrich, 2010).  
 The overall objectives of the proposed research are 1) to identify the neuromuscular 
and psychosocial aspects of the child, and family environmental affordances associated 
with independent walking and 2) to understand the relationship between the amount and 
focus of physical therapy interventions and the usual method of walking in home, school, 
and community settings in children who are expected to walk with or without AMD. This 
knowledge will inform physical therapists of potential child and family factors indicating 
readiness for walking and enable future research to develop a clinical prediction rule for 
readiness for independent walking in young children with CP. To accomplish these 
objectives, the following specific aims are proposed: 
Aim 1:  To identify child and family factors associated with independent walking in 
young children with cerebral palsy, GMFCS levels II and III. 
Dependent Variable: Ability to take 3 or more steps independently with hands free of 
support. 
Independent Variables: a) Child Factors: postural control in sitting and standing, 
reciprocal movement between the lower limbs, functional strength for transitions against 
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gravity, and motivation and b) Family Factors: family environmental affordances 
providing support to the child and support to the family by others.  
Hypothesis: Child factors will have a higher association with independent walking than 
family factors.  
Aim 2: To determine the relationship between the amount and focus of physical therapy 
interventions and the usual method of walking in natural environments in young children 
with cerebral palsy, GMFCS levels I, II and III. 
Dependent Variable: Usual method of walking in natural environments of home, 
preschool or childcare, community buildings and outdoors. 
Independent Variables: a) amount of physical therapy in all settings and b) focus of 
therapy on balance activities, strengthening exercises, transfer training, mobility training. 
Hypothesis: A higher focus on a combination of balance activities, strengthening 
exercises, transfer training, and mobility training will be associated with less assistance 
from people or AMD to walk. 
 The clinical implications of this work are to inform physical therapists of abilities 
within the child and influences in the daily environment coordinated by the family that 
may indicate a child is ready for an emphasis on walking. Knowledge of child and family 
factors may contribute to clinical decision-making about interventions supporting 
independent walking. Information about the amount and focus of physical therapy 
interventions associated with daily walking in natural environments will contribute to 
evidence-based decisions for more efficient and episodic utilization of therapy services 
and family resources. Knowledge gained from this study will inform the long-term 
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objective of developing a clinical prediction rule for readiness for independent walking in 
young children with CP.  
1:2 Significance 
 Knowledge of the prognosis for walking and interventions to promote more 
independence in walking is important to rehabilitation professionals and parents of young 
children with CP (Bleck, 1975; Bottos & Gericke, 2003). Research suggests a sensitive 
period between 2 and 6 years for development of child motor abilities and walking in 
children with CP (Bottos & Gericke, 2003; Bottos, Puato, Vianello, & Facchin, 1995; 
Fedrizzi et al., 2000; Wu et al., 2004). The distribution and extent of motor involvement, 
persistence of primitive reflexes, and acquisition of key motor milestones, i.e., sitting 
alone by 2 years, have been linked to the probability of future walking (Fedrizzi et al., 
2000). Yet to be identified are the specific neuromuscular functions of the child and 
psychosocial aspects of the child and family associated with walking that may indicate 
readiness for a specific focus on interventions to promote walking in daily activities.   
Important to consider when making decisions regarding independent walking in 
young children with CP is the dynamic interaction of child and family factors. For 
example, the ability to maintain postural control when sitting on a bench is a child 
neuromuscular function (child factor) while family environmental affordances to include 
therapy recommendations in daily routines is a psychosocial aspect of the family (family 
factor). Despite advocacy for an early focus on activity through intensive training to 
enhance mobility (Damiano, 2006; Ulrich, 2010), the tools to aid physical therapists in 
deciding when a child is ready for a focus on walking are lacking. This study introduces a 
conceptual model to begin to understand the principle of ‘readiness’ for independent 
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walking in young children with CP. This contribution is significant because identification 
of child and family factors influencing independent walking will inform determination of 
readiness for walking, thereby enabling physical therapists to make decisions about 
effective and efficient interventions focused on optimizing walking in children with CP.  
 Knowledge of child and family factors associated with walking will inform physical 
therapists when deciding on the timing, amount, and focus of physical therapy 
interventions directed towards walking during a sensitive period of motor development. 
Application of this knowledge is important to determine feasible goals for walking and 
promote efficient use of therapy time and resources during an identified period of 
readiness. In addition, this knowledge will inform health care professionals and parents of  
‘when’ and ‘how much’ and ‘what’ to focus on to optimize walking in the early years, 
potentially reducing the risk of secondary musculoskeletal and cardiovascular 
impairments related to limited activity (Bartlett & Palisano, 2002; Bjornson, Belza, 
Kartin, Logsdon, & McLaughlin, 2007). This has long-term implications for the overall 
health and participation of individuals with a life-long disability. 
1:3 Innovation  
 This research is innovative because no clinical prediction rule exists to guide physical 
therapists to determine readiness for walking in young children with CP. Optimal time 
periods for interventions influencing functional limitations, e.g., mobility, are an 
identified priority on the physical therapy research agenda ("APTA Clinical Research 
Agenda," 2000). The proposed research seeks to advance the field of pediatric physical 
therapy by testing a conceptual model of factors associated with independent walking in 
young children with CP. Different from previous research investigating the prediction of 
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walking using motor milestones, this study will examine potential child and family 
factors that may indicate readiness for a focus on learning to walk independently. The 
proposed study sample will include a subgroup of children with CP who are expected to 
walk with or without assistance, classified GMFCS levels I, II or III.  
 Preliminary work by the Move & Play study team identified differences in the 
amount and focus of physical therapy (PT) and occupational therapy (OT) for children 
across GMFCS levels suggesting that decisions about intensity may be influenced by 
child motor abilities (Palisano et al., 2012). A focus on activity includes transfer and 
mobility training and practice of specific tasks. A higher focus on activity was found for 
children in levels II-III compared to all other levels suggesting a focus on optimizing 
independence in walking in young children whose trajectory for independent walking is 
less predictable (Palisano et al., 2012). This research may expand knowledge of intensity 
of physical therapy services by examining the influence of both the amount of therapy 
time and the focus of therapy interventions (Warren, Fey, & Yoder, 2007) on usual 
methods of walking.  
 I believe interventions to promote independent walking begin with determination of 
key characteristics that collectively measure child and family readiness for change in 
mobility through independent walking. This research is innovative because it introduces 
a person-environment model of child neuromuscular functions, i.e., postural control, 
reciprocal movement, and functional strength, and psychosocial aspects within the 
context of the family to examine hypotheses about associations with independent walking 
in young children with CP. This work will guide future research to develop a clinical 
prediction rule for readiness for walking. The proposed study also contributes to 
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knowledge about impairment-based and activity-based physical therapy approaches 
focused on independent walking across environments. 
1:4 Background  
Walking – A Key Outcome of Early Physical Therapy 
 A distinguishing characteristic of human nature, the attainment of walking signifies 
an important milestone in a young child’s emerging independence. Research suggests that 
children with some degree of walking ability participate more in activities in the home 
and community (Andersson & Mattsson, 2001; Kerr et al., 2007). A recent study of 
participation of young children with CP in recreation, leisure, and learning activities 
found that children who are able to walk independently, classified GMFCS level I, had 
higher amounts of participation than children who are unable to walk, classified levels IV, 
V (Chiarello et al., 2012). A primary outcome of early intervention services, participation 
embodies the right of children with disabilities to decide what to do and to participate 
fully in community activities (DEC/NAEYC, 2009). For children with CP, early 
limitations in attainment of walking suggest potential barriers to participation in 
meaningful activities that may affect development of friendships and future employment 
(Almasri et al., 2011; Andersson & Mattsson, 2001; Kang et al., 2010).  
Physical Therapy Interventions to Promote Walking 
 Physical therapists have a major role in providing interventions to optimize the ability 
of children with CP to walk. For children in GMFCS level I, II or III, physical therapy 
interventions in the early years have been directed towards attainment of functional motor 
skills that are precursors to walking and walking itself. Interventions have traditionally 
been child-focused, aimed at minimizing the effects of primary impairments affecting 
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muscle tone and limitations in active motor control (Bartlett & Palisano, 2002; Burtner, 
Woollacott, Craft, & Roncesvalles, 2007; Fowler, Staudt, Greenberg, & Oppenheim, 
2009). Activity-based approaches involving repetition and practice to stimulate motor 
learning of novel skills have been advocated (Damiano, 2006; Valvano & Rapport, 2006). 
Studies of intensive programs including treadmill training have shown positive results in 
walking outcomes (Mattern-Baxter, Bellamy, & Mansoor, 2009). However, a decision-
making framework to assist therapists in determining when to intensify a focus on 
walking has not been described. Specific guidelines are needed to support effective 
clinical decision-making for the acquisition of walking in young children with CP.  
 The efficacy of intensive programs in physical therapy has not been established. 
Comparing outcomes of intensive programs is difficult due to a wide range in the amount 
of therapy, i.e., sessions per week and weeks per episode, and in the focus of 
interventions during the episode (Tsorlakis, Evaggelinou, Grouios, & Tsorbatzoudis, 
2004; Ustad, Sorsdahl, & Ljunggren, 2009; Weindling, Cunningham, Glenn, Edwards, & 
Reeves, 2007). In a meta-analysis of randomized controlled trials comparing intensive 
and non-intensive physical therapy in children with CP, GMFM change scores were 
higher for the intensive group, effect size 1.32, CI 0.55-2.10. Stronger effects of intensive 
treatment were found for children 2 years of age and younger, effect size 5, CI -0.45-
10.45 (Arpino, Vescio, De Luca, & Curatolo, 2010). A systematic review of studies of 
intensive treadmill training for children with CP reported medium (0.50) to large (0.80) 
effect sizes for gait speed and GMFM standing (D) and walking (E) dimensions 
(Damiano & DeJong, 2009). However, generalization of results of these studies is limited 
by heterogeneous samples of children representing all levels of gross motor function 
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(GMFCS I-V) (Damiano & DeJong, 2009; Mattern-Baxter et al., 2009). To elucidate the 
effects of intensive physical therapy and walking outcomes, an understanding of 
‘intensity’, in terms of the amount of service provided and the focus of the interventions, 
is needed (Warren et al., 2007).  
 Few models exist to guide physical therapy interventions to improve neuromuscular 
functions to support independent walking. For young children with CP, a focus on early 
development of prerequisite neuromuscular functions includes activities to promote 
postural control in sitting (Harbourne, Willett, Kyvelidou, Deffeyes, & Stergiou, 2010) 
and standing (Liu, Zaino, & McCoy, 2007) and reciprocal lower limb movement for 
stepping (Thelen, 1995). Interventions to address muscle weakness may include exercises 
to strengthen key muscles for functional activities such as standing from a bench and 
propelling forward on the floor or on feet (Liao, Liu, Liu, & Lin, 2007). However, the 
relative impact of these interventions on independent walking is not known.  
 Family centered models have broadened the focus of physical therapy to include 
parents as partners in interventions to promote motor abilities and walking. Parents have 
an important role in providing a safe home environment that stimulates a high amount of 
early motor exploration. Parents may be the first to recognize motivation in the child to 
learn to walk. In coordination with therapists, teachers and others, parents and family 
members may ensure opportunities for repetition and task-specific practice of emerging 
child motor abilities, i.e., sitting on a bench at home or preschool and walking to the 
bathroom or in the classroom. Through opportunities to walk, children are able to decide 
to engage in activities at home, safely play outdoors, and participate in physical 
recreational activities (Chiarello et al., 2012).   
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 Support from people outside the family empowers parents to meet complex child 
needs through family-orchestrated child experiences (Guralnick, 2011). Optimal child 
development occurs in the context of a supportive family and community focused on 
individual child and family strengths and resources (King S., Teplicky, King, G., & 
Rosenbaum, 2004). Interactions with friends and parents of children with a disability 
offer emotional support. Support through community recreational programs may provide 
opportunities to develop postural control, strength and walking while connecting parents 
and children for social interaction. Through positive relationships with the medical team, 
therapists and teachers, parents are more able to support the child’s special interests and 
needs and coordinate the multidimensional elements of caring for a child with a chronic 
physical disability (Guralnick, 2011). 
Prediction of Walking – Evidence for Motor Abilities Associated with Future 
Walking  
 Preliminary information on child factors associated with walking can be gleaned from 
retrospective studies on the prediction of walking in children with CP. Comparing studies 
is difficult due to variations in the definition of walking, i.e., with or without AMD, and 
heterogeneous samples in regards to children’s age and distribution and severity of motor 
involvement. Sala and Grant (1995) reported the persistence of key primitive reflexes and 
absence of postural reactions at 2 years of age were associated with a poor prognosis for 
attaining future walking (Sala & Grant, 1995). Campos and colleagues identified 
independent sitting by age 2 and floor locomotor patterns, e.g., symmetrical creeping or 
reciprocal crawling, by age 3 as predictive of future walking with or without support 
(Campos de Paz et al., 1994). In a study of walking prediction in more than 2000 children 
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with CP, sitting without support and pulling to stand at age 2 were strong predictors of 
independent walking, and only 10% of children not walking by age 3 achieved 
independent walking at least 20 feet by age 7 (Wu et al., 2004).  
 Similar findings have been confirmed in prospective studies. A longitudinal study of 
children with spastic diplegia showed children who developed reciprocal crawling 
between 12-30 months and had not used symmetrical creeping, i.e., ‘bunny hopping’, 
achieved independent walking without AMD between 3.5-6 years (Badell-Ribera, 1985). 
In a study of locomotor patterns predicting independent walking, children with CP who 
crawled reciprocally by age 3 achieved independent walking and children who had not 
modified early patterns of rolling, creeping on stomach, or walking with aids by age 4 did 
not walk independently (Bottos et al., 1995). In a prospective study of predictors of 
independent walking in children with spastic diplegia, Fedrizzi et al (2000) found that 
independent walkers achieved more gross motor skills at a faster rate, especially in the 
first 2 years than those who walked with assistance. Specific pre-walking skills achieved 
by independent walkers included rolling supine to prone by 18 months, sitting without 
arm support by 24 months, and crawling on hands and knees and sitting on heels by 30 
months, indicating a critical period up to 30 months for determining potential for future 
walking (Fedrizzi et al., 2000). Children who walked with assistance showed high 
variability in the number of motor functions achieved and the rate and age of acquisition. 
In both groups, motor function acquisition tended to stabilize after 36 months (Fedrizzi et 
al., 2000).  
 These studies point to a sensitive period in the first 3 years for development of child 
neuromuscular functions, i.e., postural control for sitting and reciprocal crawling, 
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predicting independent walking in young children with CP (Badell-Ribera, 1985; Bottos 
& Gericke, 2003; Bottos et al., 1995; Fedrizzi et al., 2000; Wu et al., 2004). In a 
dynamical systems model, sensitive periods describe transitional periods of variability 
and instability in the development of a coordinated movement pattern such as walking 
(Campbell, 2012; Heriza, 1991; Thelen, 1995). Myrtle McGraw proposed that 
interventions during a sensitive period could produce the most influence on developing 
behavioral patterns in children	  (as cited in Campbell, 2012, p 45).	  Knowledge of child 
abilities in key areas of neuromuscular function will inform identification of readiness 
and decision-making to promote independent walking.   
 Reliable measurement tools are available to assist physical therapists in early 
prediction of mobility outcomes in children diagnosed or at risk for CP. Most children 
described by subtype using ‘spastic hemiplegia’ or ‘spastic diplegia’ who are expected to 
achieve some level of functional walking capacity are classified level I, II or III on the 
GMFCS (Beckung, Carlsson, Carlsdotter, & Uvebrant, 2007; Palisano et al., 2008). 
Prediction of motor function using the gross motor development curves indicates that 
children in level I, many with unilateral motor involvement, i.e. spastic hemiplegia, will 
learn to walk without assistance by age 3. The prognosis for independent walking for 
children in levels II and III is more variable. Both groups use AMD in the first few years 
and children in level II subsequently walk without AMD (Hanna, Bartlett, Rivard, & 
Russell, 2008; Palisano et al, 2010; Rosenbaum et al., 2002). According to the motor 
development curves, children in levels II-III reach 90% of their potential GMFM-66 
score between 3.7 and 5.0 years of age (Rosenbaum et al., 2002). In a cross sectional 
study of 2-7 year-old children with CP, GMFM-66 scores strongly predicted everyday 
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activities, explaining 88% of the variance in mobility functioning measured on the PEDI 
(Ostensjo, Brogren Carlberg, & Vellestad, 2004). This evidence supports early 
determination of child ability on factors influencing walking and suggests a sensitive 
period when physical therapy interventions of sufficient amount, focused on key 
neuromuscular functions and walking, may have the most impact on walking outcomes.   
Child Factors Influencing Independent Walking 
 Postural Control   
 Knowledge of typical early postural control leading to walking contributes to 
understanding the development of postural control in infants and young children with CP 
(Brogren, Forssberg, & Hadders-Algra, 2001). Key transitional periods in postural 
development in infancy coincide with attainment of sitting (6-7 months) and standing (9-
10 months), critical motor skills that are prerequisite to walking (Hadders-Algra, 2005). 
Postural adjustments in independent, quiet standing, attained around one year of age, 
ascend from the base of support in response to forward and backward sway with hands 
free (Assaiante, Mallau, Viel, Jover, & Schmitz, 2005; Brogren E., 1998; Hedberg, 
Schmitz, Forssberg, & Hadders-Algra, 2007; Woollacott et al., 1998). Refinement of 
postural adjustments is task-specific, increasing with age and experience, and may be 
influenced by contextual factors such as hand support (Hedberg et al., 2007) and 
psychosocial factors such as fear of falling (Davis, Campbell, Adkin, & Carpenter, 2009; 
Zaino & McCoy, 2008).  
 Postural control impairments leading to difficulties in attaining independent sitting 
and standing are a primary impairment in children with CP and interfere with activities of 
daily life (Brogren E., 1998; de Graaf Peters et al., 2007) In a prospective study of 
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neurological function in preterm infants, postural control at 12 months corrected age best 
predicted neuromotor behavior, including posture in sitting and standing and quality of 
walking at age 7 (Samsom, de Groot, Bezemer, Lafeber, & Fetter, 2002). Children with 
CP classified at GMFCS levels I-III demonstrate direction specific postural muscle 
activity during equilibrium disturbances in sitting and standing. Yet, difficulty with 
efficient sequencing and modulation of postural muscles may result in development of 
compensatory strategies, i.e., a cranial to caudal pattern of muscle activation to maintain 
control (Brogren & Hadders Algra, 2005; de Graaf Peters et al., 2007; van der Heide & 
Hadders-Algra, 2005). In a study of early sitting acquisition in infants with CP receiving 
8 weeks of standard home-based services or clinic-based perceptual-motor intervention, 
Harbourne et al (2010) reported an average 20 percentage point increase on GMFM 
sitting dimension (B) for both groups suggesting the importance of interventions 
targeting this key motor skill. However, children who received guidance in self-initiated 
postural adjustments (perceptual motor group) showed more flexibility and adaptibility in 
sitting, approximating results of children with typical development on some center of 
pressure measures (Harbourne et al., 2010). 
 Postural control patterns in standing in children with spastic diplegia are similar to 
prewalking patterns in typically developing infants, demonstrating more proximal to 
distal muscle activation and increased antagonist muscle co-activation (Woollacott et al., 
1998). In a study of 8 children with spastic diplegia (level I), stability in quiet stance was 
correlated with an earlier age of independent walking (r = 0.75, p<.05) (Liao, Jeng, Lai, 
Cheng, & Hu, 1997). Burtner et al (2007) reported immature balance reactions in 3-9 
year-old children with spastic diplegia (levels I-III) similar to developmentally matched 
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younger control children in the same walking category, e.g., ‘pre-walkers’ (Burtner, 
Woollacott, Craft, & Roncesvalles, 2007). These studies suggest that emergence of 
postural control in children with CP, spastic diplegic type, may be arrested in early 
development by neuromuscular and musculoskeletal constraints (Harbourne et al., 2010; 
Zaino & McCoy, 2008). Clinical guidelines are needed to determine when the child has 
sufficient postural control to walk independently.  
Reciprocal Lower Limb Movement  
 The attainment of independent walking in young children with CP may be influenced 
by lack of supraspinal control, co-activation of antagonist muscles, and reduced motor 
control to isolate joint movements in the lower limb (Fowler et al., 2009; Leonard, 
Hirschfeld, & Forssberg, 1991). Impairments in selective motor control and ability to 
coordinate reciprocal movement between the lower limbs, i.e., interlimb coordination, 
may contribute to compensatory strategies in floor mobility. A pattern of crawling 
through symmetrical hip flexion commonly described as “bunny-hopping” has been 
associated with an inability to develop independent walking in children with CP (Badell-
Ribera, 1985; Campos de Paz et al., 1994). Studies have identified achievement of 
reciprocal crawling by age 3 as an important predictor of independent walking (Badell-
Ribera, 1985; Campos de Paz et al., 1994). In a prospective study of children 9-18 
months of age with spastic diplegia or triplegia, Fedrizzi et al (2000) reported that 
children who walked independently between 3-5 years had crawled reciprocally by 30 
months of age (Fedrizzi et al., 2000). The association between reciprocal crawling and 
future independent walking supports lower limb reciprocity as a potential child factor 
associated with independent walking.  
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 Strong similarities exist in kinematic patterns of children with CP and supportive 
walking patterns in typically developing infants under one year (Fowler et al., 2007; 
Leonard et al., 1991). Postural control impairments in children in levels II and III 
necessitate prolonged walking support through use of AMD. Retention of immature 
synergistic patterns of movement is demonstrated in antagonistic muscle activation and 
reduced ability to produce sufficient velocity to advance the limb forward to take steps 
(Fowler et al., 2007; Granata, Abel, & Damiano, 2000). Walking studies in children with 
spastic CP report diminished hip and knee angular velocity and energy transfer between 
lower limb segments during swing phase initiation (Damiano, Laws, Carmines, & Abel, 
2006; Granata et al., 2000). These studies suggest that ability to produce appropriately 
timed, reciprocal movements within and between the lower limbs contributes to 
achievement of independent walking in young children with CP.  
Functional Strength  
 Muscle strength, a vital component of motor control, is necessary for antigravity 
postural changes in infancy and lifting of the lower limb while upright (Adolph et al., 
2003; Damiano & Abel, 1998; Thelen, 1995). In infants developing typically, relative 
muscle weakness and rapid weight gain in the first 2 months fade early stepping activity 
(Thelen, 1995) that re-emerges with increasing strength and practice of supported 
walking (Adolph et al., 2003). During the first year, a period of primary floor mobility, 
functional strength is needed to move away from the supporting surface to change the 
position of the body in space, e.g., to crawl or rise to stand from the floor or bench. 
Lower limb strength to attain standing precedes release of hand support to control posture 
in quiet stance (Liao et al., 1997; Zaino & McCoy, 2008). The transition to independent 
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walking occurs in part through efficient coordination of inter-segmental muscle forces 
and inertia to propel the body forward while upright (Adolph et al., 2003). 
 Considered a major impairment in children at all levels of motor involvement, 
impairments in muscle strength in children with CP have been associated with motor 
abilities and walking. Muscle weakness has been found to directly affect attainment of 
gross motor abilities and indirectly influence functional outcomes in self-care, mobility, 
and social function (Kim & Park, 2011). In a study of school age children with CP, 
aggregate lower extremity muscle strength was highly related to GMFM-66 (r = .83) and 
GMFM E scores (r = .81) and stride length (r = .71) and moderately related to gait speed 
(r =.61)(Ross & Engsberg, 2007). Functional activities requiring lower extremity strength 
were examined in a cross-sectional study of 3-18 year old children with CP. The use of 
external supports to stand from a chair was positively correlated with GMFCS level, i.e., 
lower levels required less support (Rodby-Bousquet & Hagglund, 2010). However, the 
association between strength and ability to take steps without support of persons or AMD 
is not known.  
 Strengthening in children with CP has resulted in improvements in muscle force 
generation and functional activities including walking and has not been shown to have 
adverse effects on other primary impairments such as spasticity and muscle stiffness 
(Damiano, Dodd, & Taylor, 2002; Scholtes et al., 2010). Studies of children 4-15 years of 
age, levels I, II, or III, report improvements in lower limb muscle strength, sit to stand 
and squat to stand activities, gross motor ability (GMFM D and E), and some 
spatiotemporal gait parameters, e.g., cadence, following similarly targeted strength 
training programs over 4-12 weeks, 2-3 times per week (Blundell, Shepherd, Dean, 
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Adams, & Cahill, 2003; Lee, Sung, & Yoo, 2008; Liao et al., 2007; Eek, Tranberg, 
Zugner, Alkema, & Beckung, 2008; Scholtes et al., 2010). In a systematic review of 
children and adolescents with CP who are ambulatory, Mockford and Caulton (2008) 
reported significant improvements in knee extensor and plantar flexor strength in studies 
using multi-joint closed chain exercises that mimic everyday activities including squat to 
stand and sit to stand (Blundell et al., 2003; Dodd, Taylor, & Graham, 2003; Liao et al., 
2007; Mockford & Caulton, 2008). This research suggests that strength in functional 
motor abilities may be a key component influencing walking in young children with CP. 
Motivation  
 Mastery motivation in young childhood describes an intrinsic drive that stimulates 
exploration of the environment and persistent attempts to solve a problem or master a 
moderately challenging task (Morgan, MacTurk, & Hrncir, 1995). Manifest in various 
child behaviors, expressive aspects such as pleasure or frustration complement these 
instrumental aspects of mastery motivation. A multidimensional construct, mastery 
motivation has been described using three broad domains: 1) object-oriented (attempts to 
master toys), 2) social/symbolic (attempts to interact with others), and 3) gross motor 
(attempts to master physical skills) (Wang, Hwang, Liao, Chen, & Hsieh, 2011). Growing 
self-awareness and pleasure, derived through goal-directed volitional actions, inspire 
opportunities to develop and practice motor skills during an important transitional period 
(Bullock & Lutkenhaus, 1988).  
 Mastery motivation in children with CP is an important predictor of cognitive growth 
and mastery of daily living skills (Hauser-Cram, Warfield, Shonkoff, & Krauss, 2001) 
and has been associated with higher levels of motor function and fewer functional 
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limitations (Majnemer et al., 2010). In a longitudinal study of 183 infants with 
developmental disabilities followed through age 10, Hauser-Cram et al (2001) reported 
that children with motor impairments who had higher mastery motivation at age 3 also 
had higher mental age scores at the same age. Reflecting a shift in research toward 
developmental processes, this study investigated the dynamic and interactive processes of 
intrinsic child factors, i.e., motivation, and the family environment, i.e., mother-child 
interaction, influencing change in child behavior. Results showed that mastery motivation, 
i.e., persistence on problem-posing tasks, at age 3 is predictive of the acquisition of daily 
living skills by age 10 (Hauser-Cram et al., 2001).  
 Motivation is an important attribute to consider in rehabilitation of children with CP 
and has been proposed by therapists as a child personality characteristic influencing 
change in motor abilities (Bartlett & Palisano, 2002). Motivation drives the child to 
initiate and adapt motor actions perceived to be challenging, deriving pleasure from the 
effort. Children promote their own developmental progress through perseverance and 
practice to master difficult activities (Majnemer et al., 2010). In a study of 74 children 
with CP, Majnemer et al (2010) found persistence in gross motor tasks was lower in 
children with CP than children with typical development and moderately correlated with 
pro-social behavior (r = .49, p < .001) and gross motor ability (r = .36, p < .01). 
Motivation to persevere in acquiring a motor skill may depend on child experiences and 
abilities, influenced by environmental factors such as child and family support systems 
(Majnemer et al., 2010).  
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     These studies support the importance of mastery motivation in children with CP when 
attempting a challenging skill such as walking. However, no study has described the 
relationship between child motivation and independent walking. 
Family Factors Influencing Independent Walking  
Family Support to Child 
 Young children’s intrinsic desire to influence and interact with their environment 
through persistent, goal-directed actions occurs in the primary context of the family 
(Blasco, P. M., Hrncir, & Blasco, P. A., 1990). Family support to the child involves the 
people present and the physical features of the setting where the child lives (Dunst et al., 
2001). Families have an important role in providing a responsive environment that is 
sensitive to the child’s needs and promotes children’s learning and development (Buckley 
& Schoppe-Sullivan, 2010). Parents provide activity settings, i.e., the slide at the 
playground, to strengthen individual child abilities through embedding developmental 
learning opportunities in everyday routines (Dunst et al., 2001). Parents and siblings 
promote children’s competence and autonomy through active play and encouragement of 
progressively more complex interactions with the environment in activities such as sitting 
without assistance to go down the slide (Chiarello, Huntington, & Bundy, 2006; Dunst et 
al., 2001). As such, parent provided child-learning opportunities occur through 
participation in everyday family and community activities (Dunst, Bruder, Trivette, & 
Hamby, 2005).  
 Parent expectations for specific child behaviors, influenced by cultural traditions and 
other children in the family, appear to be a powerful influence in shaping children’s 
development (Cintas, 1995). Parents of toddlers developing typically structure a 
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supportive environment by limiting space restrictions and providing adaptations and 
assistance to appropriately challenge children to incrementally attain the highest level of 
independence possible (Bober, Humphrey, West Carswell, & Core, 2001; Cintas, 1995). 
For example, parents may allow a degree of risk-taking to help the child achieve the next 
motor milestone, e.g., standing or walking without assistance. Older siblings may 
encourage participation in regular family routines by influencing longer persistence in 
moderately challenging functional activities through energetic play (Bober et al., 2001; 
Cintas, 1995). Parent orchestrated opportunities for practice of walking in the home, 
outdoors, or in the community provide the context for the experience necessary to 
achieve independent walking (Adolph et al., 2003). However, knowledge of the influence 
of family support to the child on acquiring independent walking is limited.  
 Relationships within the family may be particularly important in predicting the 
development of children with disabilities (Hauser-Cram et al., 1999). Learning and 
refinement of complex skills occurs through self-initiated exploration and complementary 
feedback from the environment (Blasco et al., 1990). In a study of mastery behavior in 
18-month old infants, Blasco et al (1990) found that maternal involvement was related to 
developing competency and contributed significantly to spontaneous mastery in infants 
with CP. Mothers of infants with CP augment the child’s mastery performance through 
functional adaptations, gearing their interactions to match the developmental needs of the 
child such as providing hand over hand assistance to perform a motor activity (Blasco et 
al., 1990; Hauser-Cram et al., 1999). Thus, parental support that encourages child 
independence in learning a new skill may serve as a protective factor in the development 
of a child with a physical disability (Blasco et al., 1990).  
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Support to Family 
 Environmental influence on child motor abilities and walking expands beyond the 
family to extended family members, friends and therapists in other environments in 
which children spend their time, e.g., preschool or childcare. For families of young 
children with developmental delays, early sources of family stress are centered on 
specialized needs for medical and therapy services and childcare demands (Keogh, 
Garnier, Bernheimer, & Gallimore, 2000). In a family-centered model, parents receive 
formal and informal family support through interventions to mitigate potential stressors 
and build family strengths through empowerment (Blackman, 2002; Bronfenbrenner, 
1986; Guralnick, 1991). Support through help-giving relationships from service providers 
and others assists families in using daily opportunities for learning as natural 
environments for children (Dunst et al., 2005). Family support to coordinate services and 
community involvement influences a parent’s belief in their competency as a parent that 
in turn positively impacts the child’s learning and development (Bruder, 2010). 
Ultimately, effective family-centered interventions are evidence-based and require a 
partnership with families, respecting cultural differences, family values, and goals 
(Guralnick, 2008).  
Determining Readiness for Independent Walking  
 The process for deciding when a child is ready to learn independent walking begins 
with defining ‘ready’ as being at or near the point of doing something, i.e., a state of 
being predisposed to learning a novel skill. Being ‘ready’ signals a period of 
receptiveness to change, a transitional period when old ways of doing things, such as 
walking with hand support yield to a new way of doing things, such as walking with 
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hands free of support. The complex task of learning to walk is a confluence of dynamic 
processes in developing systems that reach critical functioning in the context of the task 
(Thelen & Ulrich, 1991). While child motivation to move, erect posture, and coordinated 
movement develop autonomously during the first year, the dynamic interaction of the 
neuromuscular, musculoskeletal, and sensory systems converge during a period of 
instability resulting in a new rhythmic pattern through exploration and selection (Thelen, 
1995; Thelen & Ulrich, 1991). Self-organization of movement possibilities through 
repeated cycles of perception and action strengthens neuronal connections creating new 
opportunities for trial-and-error experiences to adapt motor behaviors to best fit the 
situation (Hadders-Algra, 2010; Thelen, 1995). 
 Walking is one of the most studied motor skills in children who are developing 
typically (Adolph et al., 2003) however, little is known about the development of walking 
in young children with CP. Knowing when the child with CP is in a receptive period of 
variability, i.e., ready, may be important to provide interventions that effectively allow 
new movement solutions to emerge (Thelen, 1995). Previous studies identifying 
achievement of crucial motor milestones by age 3 as predictive of future independent 
walking, suggest an age ‘window of opportunity’ for targeted interventions for walking 
(Bottos & Gericke, 2003). Yet, knowledge about specific neuromuscular functions 
indicating readiness for a focus on independent walking in children with CP is limited. 
 Limited evidence exists regarding the influence of child motivation and family 
environmental affordances on determination of readiness for walking. Parents may 
recognize motivation in their child to walk but may require support from other family 
members, friends, therapists and teachers to ensure sufficient amounts of practice of 
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neuromuscular functions and walking across the child’s daily living environment. Family 
orchestrated learning opportunities to support walking extend from the home to preschool, 
outdoors and community recreational activities to provide task-specific practice during a 
sensitive period when the child may be ready to attain independent walking. 
 Children with CP, GMFCS levels I, II or III exhibit direction-specific postural 
adjustments in response to disturbances of equilibrium (Brogren & Hadders Algra, 2005; 
de Graaf Peters et al., 2007; van der Heide, 2005) but how much postural control in 
sitting and standing indicates the child is ready to walk independently? Children with CP 
may alternately move forward on the ground using their lower limbs but is reciprocal 
crawling indicative of readiness to cyclically move the lower limbs to walk? Children 
with CP exhibit muscle weakness but how much functional strength is needed to propel 
the body forward during walking? Are motivation and family environmental affordances 
influential in attaining independent walking? Identification of key child and family 
factors will inform determination of readiness for targeted and timely interventions for 
walking.  
Models for Independent Walking in Young Children with Cerebral Palsy 
Conceptual Model for Aim 1 
 The conceptual model for Aim 1 outlines the proposed child and family factors 
associated with independent walking in young children with CP, GMFCS levels II-III 
(Figure 1). The model is additive and cumulative, showing the relative contribution of 
child and family factors hypothesized to influence the attainment of independent walking. 
The spherical arrows depict the interactive nature of the factors that gradually build 
toward the walking outcome through dynamic interaction of postural control, reciprocal 
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movement in the lower limbs, functional strength, motivation, family support to child and 
support to the family by others. The combination of child capability on key 
neuromuscular functions, child motivation, and family environmental affordances will 
elucidate the contribution of each to independent walking. 	  
	  
Figure 1. Factors Associated with Independent Walking in Young Children with 
Cerebral Palsy (Aim 1) 	  	  
Conceptual Model for Aim 2 
 The conceptual model for Aim 2 depicts the multifaceted dimensions of physical 
therapy services hypothesized to influence the usual method of walking in natural 
environments in children with CP, GMFCS levels I-III (Figure 2). Usual methods of 
walking reflect child walking at home, preschool, community indoors, and outdoors. The 
model illustrates the impact of the focus of physical therapy on key child neuromuscular 
functions, i.e., postural control, strengthening, and activities focused on transfer and 
mobility training. The amount of physical therapy received in all settings reflects the 
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amount of time a child receives in clinic, education, or both settings. Determination of the 
combined influence of the focus and amount of therapy on usual methods of walking may 
inform clinical decisions about the intensity of interventions needed to promote walking.  
 	  
	  
 
Figure 2. Relationship between Amount and Focus of Physical Therapy and Usual 
Methods of Walking in Natural Environments (Aim 2) 
 
 
1:5 Preliminary Work 
Influence of Treadmill Training on Potential Readiness Factors for Walking 
 My conceptual model of readiness for walking evolved over many years of critical 
observations of children and reflective clinical practice focused on helping young 
children with CP learn to walk. Interested in the effectiveness of intensive physical 
therapy interventions, my pilot work examined the effects of a 4-week episode, 2 hours 
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per day, 8 hours per week including treadmill and over the ground gait training, on motor 
abilities and walking in 5 children with CP of various ages and levels of motor 
involvement (Begnoche & Pitetti, 2007). Post-test results showed significant increases in 
step length and improved symmetry of steps, with non-significant but improved scores on 
GMFM total scores (4 of 5 subjects) and dimensions D and E. However, the youngest 
child, 2.3 years of age, classified level IV, showed significant improvements on Pediatric 
Evaluation of Disability Inventory (PEDI) functional skills mobility (6.6%) and social 
function (5.2%) domains, (Haley, Coster, & Ludlow, 1992). Not previously ambulatory 
on her feet, this child also demonstrated the most gains in dimensions A (Lying and 
Rolling), B (Sitting), and C (Crawling and Kneeling), suggesting improvements in child 
neuromuscular functions believed to be associated with walking. These findings raised 
questions about the optimal amount of interventions focused on neuromuscular functions, 
i.e., postural control in sitting, that are prerequisite to walking, applied during a sensitive 
period. Further reflection on demonstrated child neuromuscular functions and motivation 
to walk indicated that readiness for a focus on walking might have led to this child’s 
outcome, contributing to my conceptualization of the model of readiness for walking in 
young children with CP.  
Participation of Young Children with CP in Home and Community Activities 
 As a member of the Children’s Assessment of Participation (CAPS) study team, I 
participated in data analysis, synthesis and interpretation of results, and writing a 
manuscript on participation for preschool children in the study (Chiarello et al., 2012). 
Results showed that children with more mobility through walking, level I, participated 
more in leisure and recreational activities than children with limited mobility through 
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walking, levels IV/V. Children in levels II-III may use AMD at least part of the time 
during the preschool years. However, no significant differences in intensity of 
participation found between children in level I and levels II/III suggests that use of AMD 
may not be a limiting factor to participation in younger children who are more easily 
transported and assisted by parents. 
Understanding Potential Readiness Factors 
 I completed a research practicum with Dr. Lisa Chiarello in 2010 to determine the 
feasibility of conducting a secondary data analysis using the Move & PLAY database by 
exploring the demographics, reliability, and neuromuscular functions of a subgroup of 
children with CP, levels II and III. The aim of this practicum was to describe postural 
control measured on the Pediatric Balance Scale (PBS), motor abilities measured on the 
GMFM, usual method of mobility measured on the Mobility Questionnaire, and 
attainment of independent walking.  
 Postural control was calculated by average scores on four PBS items: bench sitting 
with feet resting on the floor, unsupported hands free standing, and dynamic balance in 
transitions sit to stand and return to sit. Differences in postural control were examined 
among children in levels II and III in three age groups, 17-30 months, 31-42 months, and 
43 months and older. Two-way ANOVAs showed significant main effects of GMFCS 
level and age group on postural control. Children in level II demonstrated better postural 
control than children in level III. Older children scored higher on postural control than 
younger children.  
 Children’s motor capability was examined among children able to walk 10 steps 
independently, ‘walkers’ and children unable to walk 10 steps independently, ‘non-
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walkers’. Average scores on GMFM item 24 (sitting on the floor) and GMFM item 34 
(sitting on a bench), were selected to represent postural control in sitting. Average scores 
on GMFM item 53 (standing for 3 seconds) and GMFM item 56 (standing up to 20 
seconds) were selected to represent postural control in standing. Average scores on 
GMFM item 67 (ability to take steps with assistance of two hands held) and GMFM item 
68 (ability to take steps with one hand held) were selected to represent reciprocity of 
movement between the lower limbs. GMFM item 45 (ability to move forward through 
reciprocal crawling) was selected to represent coordination within (intra-limb) and 
between (inter-limb) the lower limbs. Functional strength for transitions was examined 
using average scores of GMFM item 35 (sitting on a bench from standing) and GMFM 
item 59 (standing from sitting on a bench). Paired samples t tests for all variables showed 
significant increases in mean values on all potential readiness factors over one year (p 
< .05). Twelve of 75 children not walking at study outset (level II = 10, level III = 2) 
were walking one year later. Further examination is needed to understand differences 
between walkers and non-walkers on potential factors associated with independent 
walking. 
 Children’s usual method of mobility at home and preschool reported by parent was 
explored to understand typical methods of moving around in familiar environments. Most 
children moved around on the floor at home. This may reflect space restrictions or 
assistance needed to use AMD. In preschool, one third of children used a walking aid and 
18% walked alone without assistance. Walkers were the most used walking aid. Walker 
use in school may reflect concerns about children’s safety, however nearly half were not 
walking at preschool, with or without walking aids. These data do not address the amount 
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of time children are moving around at home or preschool or the extent of opportunities 
for practice afforded the child. This raises the question of opportunities for sufficient 
intensity of walking practice during a sensitive age for attaining the most independence in 
walking.  
Physical Therapy Services Received by Young Children with Cerebral Palsy 
 In 2010 and 2011, I worked with Dr. Lisa Chiarello and Dr. Robert Palisano on 
research practica to examine physical therapy (PT) and occupational therapy (OT) 
services for young children with CP from the perspective of parents in the Move & 
PLAY study. Results of statistical analyses using 3-way ANOVAs showed differences in 
the amount and focus of PT and OT based on children’s age, GMFCS level, and region of 
residence. Interaction graphs showing a sharp rise in PT time for children in level III,  ≥ 
43 months, may indicate a focus on neuromuscular functions and walking in this group 
who require the most assistance with walking. Parents reported a moderate to great extent 
of focus on primary and secondary impairments, e.g., balance activities and strengthening 
exercises, and on activity, e.g., transfer training, mobility training, and practice of 
specific tasks.  
 I participated in variable selection, statistical analysis of services received, and 
writing the manuscript on PT and OT services for young children with CP (Palisano et al., 
2012). This study relates to the second aim of the proposed study, to determine the 
relationship between the amount and focus of PT interventions and usual methods of 
walking in children in GMFCS levels I-III. Ninety-four percent of children in all levels, 
23-74 months of age received PT, evenly distributed across 3 settings: 1) Education 
(early intervention or school programs) (28.6%), 2) Clinic (hospital clinics, rehabilitation 
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centers, or private therapy clinics) (33.3%), or 3) Both (education and clinic settings) 
(32.1%) (Palisano et al., 2012).  
 One-way ANOVAs with Tukey post hoc tests were used to examine the effect of 
service setting (education, clinic, both) and GMFCS level (I, II-III, IV-V) on amount of 
PT received. On average, children receiving PT in both settings received more PT time, 
almost 7.5 hours/month, than children receiving in either education or clinic settings (p 
< .01). However, there was no mean difference in PT time between children receiving in 
education (4 hours/month) or clinic (3 hours/month) settings (p = .11). Children in level I 
received less PT time than children in all other levels (p < .01), however no mean 
differences in PT time were found between children in levels II-III and levels IV-V (p 
= .89). The most reported frequency of PT was 2-4 sessions per month in education 
(52.6%) and clinic settings (53.4%). A high percentage of children receiving PT in both 
settings received 5-8 sessions per month (46.9%). 
 A greater extent of focus on activity was reported for children in levels II-III 
compared to level I (p < .05), and levels IV-V (p < .001). Children in levels II-III also 
received more PT than children in level I. A higher focus on environmental modifications 
and equipment, including management of orthotics and AMD, was found for children in 
levels II-III and IV-V compared to children in level I (p < .001). Children in levels II-V 
participated in fewer community recreation activities than children in level I (p < .01) 
suggesting possible time restrictions and accessibility challenges for young children who 
are working towards optimizing mobility outcomes (Palisano et al., 2012). These results 
indicate a need to examine current practices related to the amount and focus of physical 
therapy received by young children with CP.  
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1:6 Research Design and Methods 
Research Design 
 The proposed cohort study will use exploratory associational methods to examine a 
subsample of participants from the Move & PLAY study, a longitudinal study of 
determinants of motor abilities, self-care, and play in young children with CP (Bartlett et 
al., 2010; Chiarello et al., 2011). The investigators of the Move & PLAY study have 
granted permission to use the database to examine the specific aims of my proposal 
through secondary data analysis. 
Participants 
 Participants will be selected from a sample of convenience of 429 young children 
with CP and their parents who participated in the Move & PLAY study. Children 
recruited for the study resided in four regions of the United States and nine regions of 
Canada. Approval for the Move & PLAY study was obtained from 13 institutional review 
boards in the US and eight ethics committees in Canada. All parents provided informed 
consent to participate in the study.  
 Children in the proposed study are more boys (56.5%), classified GMFCS levels I-III: 
I (n = 145; 60.7%); II (n = 45; 18.8%); III (n = 49; 20.5%). Children’s mean age at the 
beginning of the study was 37.6 (SD = 11.2) months and at the end of the study was 50.0 
(SD = 11.2) months. Parent participants were mostly mothers (93%). 
 Children in GMFCS levels II and III who were not walking at the beginning of the 
study, defined by independent walking less than 3 steps, will be included in Aim 1, to 
identify child and family factors associated with independent walking in young children 
with CP. The sample for Aim 1 includes 81 children in level II (n = 33; 40.7%) and III (n 
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= 48; 59.3%) and 56.8% are boys. Children’s average age at the beginning of the study 
was 33.5 (SD = 10.8) months and approximately one year later was 45.8 (SD = 10.8) 
months. 
 All children in GMFCS levels I, II and III, (N = 239), will be included in Aim 2, to 
determine the relationship between the amount and focus of physical therapy 
interventions and usual method of walking in natural environments in young children 
with CP.  
Descriptive Measures for Aim 1 and Aim 2 
Family Information Form 
 The Family Information Form is used to collect child and family demographics 
including gender and race, child’s birth date, parent education, marital and employment 
status, household inhabitants and income, and health insurance coverage. Descriptive 
statistics will be reported for child and family participants in the study. 
Gross Motor Function Classification System 
 The GMFCS, the universal standard for classification of children with CP, represents 
a child’s current gross motor ability in five levels, I-V, with emphasis on sitting, transfers, 
and mobility through observation of self-initiated movement in natural settings (Palisano 
et al., 1997; Shevell, Dagenais, Hall, & REPACQ Consortium, 2009). Children in this 
study are classified levels I-III in three age bands, 0-2, 2-4, and 4-6 years. The GMFCS 
has been shown to have high inter-rater reliability for children 2-12 years of age (Kappa 
= .75). Moderate GMFCS inter-rater reliability for children classified early (Kappa = .55) 
may require reclassification after the second year of age (Gorter, Ketelaar, Rosenbaum, 
Helders, & Palisano, 2009; Hanna et al., 2009). For Aim 1, GMFCS level will be used to 
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identify children who use AMD for early walking but are predicted to learn to walk 
without AMD after age 4 (level II) or are predicted to continue walking with AMD (level 
III) (Palisano et al., 2008; Palisano et al., 1997; Rosenbaum et al., 2002). For Aim 2, 
GMFCS level will be used to identify children who walk with or without AMD, (level I, 
II or III) as their principal means of mobility.  
Child and Family Factors Influencing Independent Walking 
Measures for Aim 1 
Gross Motor Function Measure 
 The GMFM (Russell et al., 2002) is considered the international ‘gold standard’ in 
research and clinical settings for measuring change in gross motor function over time in 
children with CP. A shorter version, the GMFM-66 B&C was developed for use in the 
Move & PLAY study and uses a basal and ceiling approach to select a range of items to 
administer based on the child’s motor abilities (Brunton & Bartlett, 2011). At least 15 
items are administered to estimate a child’s gross motor ability using Gross Motor Ability 
Estimator software (GMAE). Items on an ordinal scale range from (0) does not perform 
the motor ability to (3) meets criteria for performance of motor ability (Russell et al., 
2002). Reliability and validity tests comparing the GMFM-66 B&C to another shortened 
version, the GMFM-66-IS, and to the original GMFM-66 showed high correlations 
between scores on the shortened versions performed on the same day or two weeks apart, 
and between the shortened versions and the original GMFM-66 (Brunton & Bartlett, 
2011). GMFM item 69 is used as the outcome variable for Aim 1 in this study to measure 
walking ability. Select GMFM-66 B&C item scores are used to examine two child 
neuromuscular functions, i.e., postural control and reciprocal movement between the 
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lower limbs, proposed to be indicators of readiness for independent walking in young 
children with CP.  
Child Factor – Measures of Child Neuromuscular Function 
 Postural control describes the ability to maintain balance in antigravity postures. In 
young children, functional postural control in sitting and standing allows safe 
performance of everyday tasks and is a prerequisite to independent walking (Franjoine, 
Darr, Held, Kott, & Young, 2010). Sitting on a bench, GMFM item 34, and standing, 
GMFM item 56, are selected as indicators of postural control in functional positions that 
are precursors to walking. The sum score of these two items will be used for data analysis.  
 Reciprocal movement between the lower limbs describes a basic level of reciprocity in 
the lower limbs needed to alternately step forward, a precursor for walking. Reciprocal 
crawling, an identified predictor of future walking (Badell-Ribera, 1985) describes an 
ability to alternately move opposing upper and lower limbs to advance the body on the 
floor. GMFM item 45, reciprocal crawling, will serve as an indicator of lower limb 
reciprocity.  
Pediatric Balance Scale 
 The Pediatric Balance Scale, PBS (Franjoine, Gunther, & Taylor, 2003), a modified 
version of the Berg Balance Scale, is a 14-item qualitative and quantitative test of 
functional balance (Berg, Maki, & Williams, 1992). Item responses scored on a 5-point 
ordinal scale range from (0) needs assistance to perform to (4) able to do task 
independently. Very high test-retest reliability (ICC (3,1) = 0.998) and interrater 
reliability (ICC (3,1) = 0.997) has been reported for the PBS for children 5-15 years with 
mild to moderate motor impairment (Franjoine et al., 2003). Select PBS item scores will 
	  	  	  	  
40	  
	  
be used to examine functional strength, a child neuromuscular function believed to be an 
indicator of readiness for independent walking. Test-retest reliability of individual items, 
e.g., sit to stand and stand to sit, is also high (Kappa = 1.00) (Franjoine et al., 2003). 
 Functional strength is defined as the coordinated muscle activation in the lower limbs 
necessary to transfer the weight of the head, arms, and trunk against gravity in transitions 
between everyday postures. In a young child, functional strength is needed to rise from a 
bench or chair to a standing position and to lower the body to sit from standing. Item 
responses on PBS item 1, measured on a 5-point ordinal scale, range from (0) needs 
moderate or maximal assist to stand to (4) able to stand without using hands and stabilize 
independently. Item responses on PBS item 2 range from (0) needs assistance to sit to (4) 
sits safely with minimal use of hands. The sum score on these PBS items will serve as an 
indicator of functional strength.  
Child Factor – Measure of Child Motivation 
Early Coping Inventory 
 Based on the Coping Inventory (Zeitlin, Williamson, & Szczepanski, 1988), a 
measure of children’s adaptive behaviors, the Early Coping Inventory, ECI, is a 48-item 
observational tool that measures relevant adaptive behaviors in young children 
functioning in the developmental range of 4 to 36 months (Zeitlin et al., 1988). High 
interrater reliability ranging from .80 to .94 has been reported for the ECI (Williamson, 
Zeitlin, & Szczepanski, 1989). Items in 3 categories measure the child’s sensorimotor 
organization, reactive behavior, and self-initiated behavior (Williamson et al., 1989; 
Zeitlin et al., 1988). Parents rate their child’s behavior on each item on a 5-point ordinal 
scale from (1) not effective to (5) consistently effective across situations.  
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 Motivation in the child describes the intrinsic drive to attempt a skill that is 
moderately challenging, adapt to environmental conditions and derive pleasure while 
persisting in the effort. Item responses from the ECI representing self-initiated behaviors 
and child adaptability will be selected for the proposed study. For example, responses to 
item 43, ‘child demonstrates persistence during activities’ and item 44, ‘child changes 
behavior when necessary to solve a problem or achieve a goal’ contribute to 
understanding child motivation that may indicate readiness to learn a motor skill. The 
sum score on ECI items 4, 9, 27, 28, 42, 43, 44 and 46 will be used to measure child 
motivation.  
Family Factor – Measure of Family Support to Child  
Family Expectations of Child, Family Support to Child, Focus of Therapy Services 
 The Family Expectations of Child, FEC, and the Family Support to Child, FSC, are 5- 
and 6-item measures respectively of parent expectations and support of their child when 
learning how to play, do things for him/herself, or learning to move around through 
rolling, crawling, sitting, standing, and walking. Developed through a consensus process 
with parents of young children with CP, these measures have demonstrated content 
validity and test-retest reliability (Bartlett et al., 2010). Scored on a 7-point ordinal scale, 
item responses range from (0) not at all to (7) to a very great extent. For the proposed 
study, item responses from the original scale will be converted to a 5-point ordinal scale 
to be consistent with other Aim 1 measures and to improve interpretation of results when 
analyzing some independent variables that include selected items from multiple measures. 
To reduce the number of response categories to five, the top two categories will be 
combined, i.e., ‘’to a great extent’ and ‘to a very great extent’, and the bottom two 
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categories will be combined, i.e., ‘not at all’ and ‘to a very small extent’. The Focus of 
Therapy Services is part of the service questionnaire developed by investigators of the 
Move & PLAY study to measure rehabilitation services children received. Item responses 
on an ordinal scale range from (1) not at all to (5) to a very great extent. 
 Family support to child describes the environmental affordances such as expectations 
and emotional support provided by the immediate family to optimize learning. Items 
selected for this study from the Family Expectations of Child, FEC, measure reflect the 
extent that parents encourage their child to do recommended therapy exercises and 
activities, FEC item 4, and to participate in regular family activities to the best of their 
ability, FEC item 5. Items selected from the Family Support to Child, FSC, measure 
characterize the extent that parents regularly engage in games, FSC item 1, and physical 
activities, FSC item 4, with their child and allow them to take risks and struggle, FSC 
item 2. FSC item 5 and one item from Focus of Therapy Services, SE item 26, measure 
parent’s perceived ability to include therapy recommendations in daily routines and 
involve friends and others in the process. Collectively, these items are proposed to 
represent family readiness to support independent walking. The sum score of FSC items 1, 
2, 4, and 5, FEC items 4 and 5, and SE item 26 will be used to measure the amount of 
family support to the child.  
Family Factor – Measure of Support to Family 
Family Support Scale 
 The Family Support Scale, FSS (Dunst, Jenkins, & Trivette, 1994) is an 18-item 
measure listing the people and groups who are often helpful to parents raising a young 
child. Item responses scored on a 5-point ordinal scale range from (1) not at all helpful to 
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(5) extremely helpful. The FSS has demonstrated internal consistency (alpha coefficient = 
0.79) and test-retest reliability (Pearson’s correlation coefficient, r = 0.91) (Bartlett et al., 
2010). 
 Support to family describes a supportive environment offered by extended family 
members, friends, coworkers, and professionals through emotional support and assistance. 
Family support is also provided through medical, therapy, or education services, and 
church or community resources. The sum of all items on the FSS will be used to measure 
the amount of support received from spouses, grandparents, friends, community groups, 
and professionals.  
Variables for Aim 1 
 The outcome variable for Aim 1 is the child’s ability to walk 3 or more steps with 
arms free of support. Child and family factors (independent variables) proposed to predict 
independent walking include: 1) postural control, 2) reciprocal movement between lower 
limbs, 3) functional strength, 4) motivation, 5) family support to child, and 6) support to 
family. The child and family factors, measures, and item descriptions for Aim 1 are 
outlined in Table 1. 
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Table 1. Constructs, Measures, and Items to Examine Potential Predictors of 
Independent Walking (Aim 1) 	  
Outcome Variable (at end of year followed) 
Walks forward 3 or 
more steps with hands 
free of support 
Gross Motor Function 
Measure, GMFM 
GMFM item 69  
Score of 0 or 1= does not walk 
Score of 2 or 3= walks independently 
Predictor Variables 
Readiness Construct 
Measure Item  
Child Factors  (at beginning of year followed) 
 Postural Control GMFM Sum score of GMFM item 34 – 
sitting on bench with feet on floor 
and hands free and 
GMFM item 56 – standing with arms 
free of support  
Reciprocal Lower 
Limb Movement 
GMFM  Score on GMFM item 45 - reciprocal 
crawling  
Functional Strength Pediatric Balance 
Scale, PBS 
Sum score of PBS item 1 - rising to 
stand from bench and 
PBS item 2 - sitting on bench from 
standing 
Motivation Early Coping 
Inventory, ECO 
Sum score of ECO items 4, 9, 27, 28, 
42, 43, 44. 46 
Family Factors (at mid-point of year followed) 
Family Support to 
Child 
Family Support to 
Child, FSC; Family 
Expectations of Child, 
FEC; Services Part E, 
SE 
Sum score of FSC items 1, 2, 4, 5 and 
FEC items 4, 5 and 
SE item 26  
 
Support to Family  Family Support Scale, 
FSS 
Sum score of all FSS items 1-18  
 
 
Service Influences on Usual Methods of Walking in Natural Environments  
Measures for Aim 2 
Service Questionnaire  
 The service questionnaire measures the amount and focus of rehabilitation services 
children received (Palisano et al., 2012). The service questionnaire was piloted on 6 
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families and reviewed by 2 parent consultants for clarity, family centered terminology, 
and ease of completion (Bartlett et al., 2010). The service questionnaire consists of 5 
parts, 2 of which will be used in this study: Part A) 39 items on the types and amount of 
programs the child receives including physical, occupational, and speech therapy services, 
and the community recreational programs the child is involved in; Part E) 29 items on the 
focus of physical therapy and/or occupational therapy the child receives. Item responses 
for parents’ perception of the extent of therapist’s focus on the intervention scored on an 
ordinal scale range from (1) not at all to (5) to a very great extent.  
 Test-retest reliability for the service questionnaire was examined using a sub-sample 
of 17 parents who completed the questionnaire by telephone an average of 15 days after 
the first interview. Moderate to high test-retest reliability for 6 of 7 focus categories was 
found with ICC (2,1) = 0.92 for amount of PT, and ICC (2,1) = 0.95 for community 
service and activity. ICC’s were 0.72 for primary impairments, 0.74 for self-care, 0.77 for 
play and 0.61 for environment. ICC (2,1) was moderate, 0.55 for secondary impairments 
(Palisano et al., 2012).   
 Items selected from the service questionnaire pertain to the physical therapy the child 
currently receives. Responses include the amount of physical therapy, i.e. number of 
visits per month or per year, if less than once a month, and the length of each visit 
received through education programs, clinic settings, or both education and clinic settings 
(Palisano et al., 2012). The amount of physical therapy services received across all 
settings will be used for this study. 
 Items selected for this study describe a perceived focus on child neuromuscular 
functions and walking. These include balance activities, strengthening exercises, transfer 
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training, and mobility training. For children in levels I-III, a focus on balance activities 
(SE item 2) describes practice of postural control when balance is perturbed externally or 
internally, i.e., when reaching. A focus on strengthening exercises, SE item 5, may 
include lower limb strengthening activities such as riding a tricycle with weights. A focus 
on transfer training, SE item 6, describes moving from one position or surface to another 
such as from sitting on a bench to standing. A focus on mobility training, SE item 7, may 
include movement through reciprocal crawling, or walking with varying levels of 
assistance. The single item score will be used to measure the amount of focus on child 
neuromuscular functions and mobility including walking. 
Mobility Questionnaire 
 The Mobility Questionnaire is a survey of the child’s usual way of moving around at 
home, at preschool or childcare (indoors), inside community buildings, e.g., restaurants 
and churches, and outdoors. Response options to a 3-part question are repeated for each 
setting. Item responses for (a) describe the way the child moves around most often, 
measured on an ordinal scale representing increasing independence in mobility. Item 
responses for (b) list the AMD used most often, i.e., ’walker’, ‘canes’, or ‘crutches’. Item 
responses for (c) list the main reason the child uses the preferred method of moving 
around and will not be examined in this study. 
 The Mobility Questionnaire summarizes parent’s perception of the child’s primary 
way of moving around in various natural environments that may differ by setting. For 
instance, the child may walk with a walker at preschool but primarily move around 
through crawling at home. For this study, response options indicating some level of 
mobility through walking are used to describe the child’s principal means of mobility. 
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The Principal Means of Mobility scale (Table 2) developed for this study is an ordinal 
scale representing decreasing levels of independence in walking. Scores range from 7 – 0, 
from the most independence in walking, (7) walks alone without any assistance, to (0) not 
walking.  
 
Table 2. Principal Means of Mobility Scale – Parent Reported Usual Method of 
Walking in Natural Environments of Home, Preschool/Childcare, Community 
Buildings, Outdoors 
 
Principal Means of Mobility Ordinal Rank 
 
Walks alone without assistance 7 
Walks with canes 6 
Walks with crutches 5 
Walks with walker 4 
Walks holding onto wall or furniture 3 
Takes steps with adult assistance 2 
Walks with body weight support or other AMD, 
e.g. gait trainer/baby walker 
1 
Not walking 0 
	  
 
Variables for Aim 2 	   The outcome variable for Aim 2 is the child’s usual method of walking in natural 
environments of the home, preschool or childcare, community buildings, and outdoors. 
The proposed independent variables include the amount of physical therapy received, and 
the focus of therapy interventions on 1) balance activities, 2) strengthening exercises, 3) 
transfer training, and 4) mobility training. In this study, the sum score of two items from 
the service questionnaire, PT received in education settings (item 23) and PT received in 
clinic settings (item 24) will measure the total amount of physical therapy received across 
all settings. The constructs proposed to measure the amount of PT and the focus of 
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interventions on child neuromuscular functions for walking or walking itself are outlined 
in Table 3.  
 
Table 3. Constructs, Measures, and Items to Examine Potential Predictors of 
Children’s Usual Method of Walking (Aim 2) 
 
Outcome Variable (end of year followed) 
Usual Method of Walking in  
1) home, 2) preschool,  
3) community, 4) outdoors 
Mobility 
Questionnaire 
Score on Principle Means of 
Mobility Scale for each setting 
(scale 0-7) 
Predictor Variables Amount & 
Focus Constructs (mid-point of 
year followed) 
Measure Item 
Amount of PT received 
(Total minutes per month) 
Service Questionnaire, 
Part A (SA) 
Sum score of SA item 23 – PT 
received in education settings and 
SA item 24 – PT received in 
clinic settings 
Focus of PT on Postural Control 
 
Service Questionnaire, 
Part E (SE) 
Score on SE item 2 –  
Balance activities 
Focus of PT on Strengthening 
Exercises 
Service Questionnaire, 
Part E (SE) 
Score on SE item 5 – 
Strengthening exercises 
Focus of PT on Transfer 
Training 
Service Questionnaire, 
Part E (SE) 
Score on SE item 6 – 
Transfer training  
Focus of PT on  
Mobility Training 
Service Questionnaire, 
Part E (SE) 
Score on SE item 7 –  
Mobility training  
 
Procedures 
 Data collection by therapist administered measures and parent completed measures, 
occurred during each of 3 time intervals: Time 1) home or clinic visit, Time 2) parent 
interview approximately 6 months later; and Time 3) home or clinic visit approximately 
one year after the initial visit. Sixty physical therapist assessors participated in a one-day 
training workshop and passed criterion tests, scoring 80% or better using videotaped clips 
of selected items on the GMFM, GMFCS, and PBS.  
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 Time 1 Data Collection: Parent participants completed the Family Information Form and 
the Early Coping Inventory at the beginning of the study. Therapist assessors classified 
children using the GMFCS and administered the GMFM and PBS. Other measures not 
included in this study were administered during this initial 2-hour home or clinic visit.  
Time 2 Data Collection: The service questionnaire was administered mostly through a 
60-75 minute parent telephone interview by trained interviewers approximately 6 months 
after the initial visit. The questionnaire was mailed to parents prior to the interview, 
allowing the parent to follow along while the items were read aloud. Some parents 
completed the service questionnaire on paper and mailed to study investigators or 
completed through personal interview by therapist assessor during the final home or 
clinic visit.  
Time 3 Data Collection: The Mobility Questionnaire was mailed to parents to be 
completed prior to the final home or clinic visit. Therapist assessors answered any 
questions and collected the questionnaires at the final visit.   
Statistical Analysis  
Aim 1: Statistical analysis will be performed using SPSS for Windows software, version 
20.0  (SPSS, Chicago, IL). The database will be screened for accuracy of data entry, 
missing data, and univariate outliers. Descriptive statistics will be computed for predictor 
variables related to the child and family, and for the outcome variable, independent 
walking. Logistic regression analysis will be used to determine the smallest number of 
predictors that presents a model of maximum likelihood, providing the most accurate 
prediction of membership in the ‘walking’ or ‘not walking’ group. All predictors will be 
directly entered into the model in one block, allowing assessment of the contribution of 
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each predictor to the model over and above the contribution of the other predictors 
(Tabachnick & Fidell, 2007).    
 The logistic regression equation calculates the probability of the outcome using the 
coefficient estimates for predictors in the model. The predictor variables may be a mix of 
continuous, discrete, and dichotomous types. The contribution of individual predictor 
variables to the logistic regression model will be interpreted using odds ratios. The odds 
ratio is the change in odds of being in the ‘walking’ or ‘not walking’ group resulting from 
a unit change in a predictor value. The adjusted odds ratio that accounts for the influence 
of other predictor variables, Exp(B), and 95% confidence intervals for Exp(B) will be 
calculated. Odds ratios > 1 indicate an increase in odds of the outcome occurring with a 
one-unit increase in the predictor. Odds ratios < 1 indicate a decrease in odds of the 
outcome occurring with a one-unit change in the predictor.  
 Goodness of fit tests calculated from log-likelihood statistics will be used to examine 
the overall fit of the regression model. The Cox & Snell’s R2 statistic and the 
Nagelkerke’s R2 are calculated in SPSS as measures of the substantive effect of the model, 
taking into account the sample size. Analogous to the t-statistic in linear regression, the 
Wald statistic measures the contribution of individual predictor variables. A significant 
chi-squared test indicates that the predictor is contributing to the prediction of the 
walking outcome. However, Wald values will be viewed with caution due to 
underestimation when the regression coefficient is large, increasing the probability of a 
Type II error (Field, 2009).  
 The sample size in binary logistic regression must be large enough for results to be 
accurate. A minimum of 10-15 cases per predictor and a total minimum of 60 cases are 
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recommended (Leech, Barrett, & Morgan, 2008). With a maximum of six predictors, the 
expected sample size of 81 is sufficient. If the number of observations of the walking 
outcome is too low relative to the number of predictors, overfitting of the data may occur, 
causing complete separation of groups, i.e., perfect prediction of the outcome by a 
variable or combination of variables. Failure of convergence in the regression solution 
may require model simplification by elimination of one or more predictors or collapsing 
categories (Field, 2009; Tabachnick & Fidell, 2007).  
 Assumptions of logistic regression analysis will be examined and include the 
following:  1) Linearity: In logistic regression, a nonlinear relationship between the predictors 
and a categorical outcome variable requires expression of the relationship in 
logarithmic terms using the logit (Field, 2009). The predictor variables may not be 
linearly related or normally distributed, however multivariate normality and 
linearity among predictors may enhance power (Tabachnick & Fidell, 2007).  2) Independence of errors: Observations are from different, unrelated cases. Non-
independence of errors in logistic regression results in Type I error inflation due 
to overdispersion (Field, 2009; Tabachnick & Fidell, 2007).  3) Absence of multicollinearity: Logistic regression is sensitive to high correlations 
among predictor variables that may bias the regression model, making it difficult 
to assess the individual importance of a predictor. Multicollinearity may be 
indicated by extremely high standard errors for parameter estimates (Field, 2009). 
Collinearity statistics produced by linear regression analysis in SPSS check this 
assumption using the variance inflation factor, VIF, and its reciprocal, the 
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tolerance statistic, 1/VIF (Tabachnick & Fidell, 2007). Collinearity diagnostics in 
SPSS producing the eigenvalues, condition indexes, and variance proportions will 
be further examined to evaluate variables that are highly correlated for possible 
deletion from the model (Field, 2009).   4) Absence of outliers in the solution: Residuals will be examined for outliers 
indicating cases that are poorly predicted by the model. Outliers will be evaluated 
individually for possible elimination if extraordinary circumstances are identified. 
Aim 2:  The database will be screened for accuracy of data entry, missing data, 
distribution of normality, and univariate outliers. Descriptive statistics will be computed 
for predictor variables: 1) amount of physical therapy received, and the focus of therapy 
on 2) balance activities, 3) strengthening exercises, 4) transfer training, and 5) mobility 
training and for the outcome variable, usual method of walking in natural environments. 
Four environments will be examined, i.e., home, preschool or childcare, community 
buildings indoors, and outdoors.    
 Multiple linear regression analysis will be performed for each environment to 
determine a model that represents the best prediction of children’s usual method of 
walking from a set of predictor variables. Bivariate correlations will be computed to 
evaluate intercorrelations between predictor variables using Spearman’s correlation 
coefficient, rs for ordinal data. Multiple correlations between predictors and the outcome 
variable will be measured using the Pearson product-moment correlation coefficient, R. 
The coefficient of determination, R2 represents the proportion of variance in the outcome 
that is predictable from the best linear combination of predictors. An R2 value closer to 1 
represents a large correlation between predicted and observed outcome values. Adjusted 
	  	  	  	  
53	  
	  
R2 will be reported as the amount of outcome variance explained by the independent 
variables, i.e., the model, taking into account the sample size and number of predictors 
(Tabachnick & Fidell, 2007).   
 The effect size measure for the regression model, Cohen’s f2 will determine small 
(.02), medium, (.15), and large, (.35) effects (Cohen, 1988) calculated from the R2 value 
in the underlying population using G*Power 3.0 (Faul, Erdfelder, Buchner, & Lang, 
2009). To predict a medium-size relationship between the predictors and the outcome, at 
alpha = .05 and beta = .20, the minimum number of cases needed to test the multiple 
correlation if the number of predictors, m = 5, is N ≥ 50 + 8m = 90. The minimum 
number of cases needed to test the contribution of individual predictors is N ≥ 104 + m = 
109 (Tabachnick & Fidell, 2007). The larger of these two values determines the 
minimum sample size needed. Children classified GMFCS level I (n = 145) will be 
assessed separately from children in GMFCS levels II-III (n = 94). With a maximum of 
five predictors in the model, the sample size for children in Level I is large enough to test 
the overall fit of the regression model and to test the contribution of individual predictors 
in the model (Field, 2009). The sample size for levels II-III is large enough to test the 
multiple correlations but may be insufficient to test the contribution of individual 
predictors, requiring possible simplification of the model. 
 The outcome variable will be measured using the Principal Means of Mobility Scale 
developed for this study (Table 2). This scale represents discrete rankings of 
progressively increasing walking independence from (0) = not walking to (7) = walks 
alone without assistance. Predictor variables are continuous or ordinal, with responses 
ranging from (1) = not at all to (5) = to a very great extent.  
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      A forced entry method will be used to enter all potential predictors into the model 
simultaneously. Variables selected will have a correlation ≥ .20 with the outcome. The 
contribution of each predictor, represented by the beta coefficients, show the strength of 
association between the predictors and the walking outcome and the effect of each 
predictor on the outcome if all other predictors are constant (Field, 2009).                                                                                                                                                                                                                                    
The following assumptions of multiple linear regressions will be checked: 
1) Independence and linearity: Observations of the outcome are from different cases 
and a linear relationship exists between the mean values of the outcome variable 
and each increment of the predictors (Field, 2009).  
2) Independence, normality, linearity and homoscedasticity of residuals: Residuals 
for any two observations should be uncorrelated and normally distributed about 
the predicted outcome scores. Linearity between the residuals and predicted 
outcomes will be examined using a scatterplot matrix. Failure of linearity or lack 
of homoscedasticity may weaken the results of regression analysis and may be 
resolved by transforming the variable(s) (Tabachnick & Fidell, 2007). 
3) Absence of multicollinearity: Variables with high correlation values, R ≥ .50, will 
be evaluated for possible aggregation or elimination (Leech et al., 2008). 
Multicollinearity will also be assessed using collinearity diagnostics. Variables 
with VIF values > 1 and/or tolerance values < 0.1 will be evaluated for 
combination with another variable or elimination from the model. (Tabachnick & 
Fidell, 2007).   
4) Univariate and multivariate outliers: The data will be screened for univariate 
outliers that may bias the regression model and will be evaluated for possible 
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elimination if extraordinary circumstances exist. The influence of multivariate 
outliers on the regression model will be evaluated using Cook’s distance and the 
Mahalanobis distance, computed in SPSS. The regression analysis will be run 
with and without extreme cases to determine their influence on the model (Field, 
2009). 
1:7 Limitations 
     The items selected from Move & PLAY measures to characterize child factors 
influencing independent walking for Aim 1 are based on research evidence and 
theoretical knowledge. However, select GMFM items signifying postural control, and 
PBS items signifying strength, may not be a comprehensive representation of basic 
functional ability in these areas. Concurrent validity statistics will be used to compare 
these measures with the full postural control measure, i.e., Early Clinical Assessment of 
Balance, ECAB (McCoy et al., 2014) and manual muscle tests for isolated hip and knee 
extension used in the Move & PLAY study. In addition, selected items from three Move 
& PLAY measures representing general family support to child and motivation are not 
specific to child neuromuscular functions and walking.  
     Inherent to the use of secondary data analysis are limitations of sample size and 
measurement specificity available in a prospective study. The smaller sample size for 
children classified GMFCS levels II-III than for children classified GMFCS level I may 
influence statistical power and interpretation of results for Aim 2. Parent reported usual 
method of walking including use of AMD might not fully capture children’s walking in 
environments outside the home, e.g. preschool or childcare. However, research suggests 
that parents’ report of their child’s motor skill performance is highly correlated with 
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children’s scores on performance-based measures of motor ability (Kennedy, Brown, & 
Chien, 2012). The selected categories from the Service Questionnaire, e.g., transfer and 
mobility training may not represent a specific focus on walking. Also, the amount of 
therapy time dedicated to these focus areas and the amount of walking practice occurring 
outside of therapy is not known. Differences have been found between parent and 
therapist’s perceptions of the focus of therapy services provided to children in the Move 
& PLAY study (LaForme Fiss, McCoy, & Chiarello, 2012). Examination of interrater 
reliability of specific focus categories may support the items selected to investigate 
physical therapy interventions associated with walking in young children with CP.  
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Time Line 	  
2012 
• Prepare database for data analysis for Aim 1 and Aim 2 including data cleaning, 
recoding and computing new variables, Fall 2012 
• Complete data analysis and interpretation, and begin writing of manuscript for 
Aim 1 
2013 
• Complete writing of manuscript for Aim 1 by Feb 1, 2013 
• Complete data analysis, interpretation, writing of manuscript for Aim 2 by April 1, 
2013 
• Write discussion and conclusion to finalize dissertation, Spring 2013 
• Defend dissertation by June 15, 2013 
 
Resources Needed to Complete the Dissertation 	  
Expenses                        Resources 
Tuition: Winter 2012 – Spring 2013               $8186          Use of Move & PLAY database 
CSM 2012 Poster Presentation Feb 2012         $590          
Brown Bag Presentation March 2012    $517 
Proposal Defense June 2012 (estimated)   $550         
                         Total      $9843 
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CHAPTER 2: INDICATORS OF READINESS FOR INDEPENDENT WALKING 
IN YOUNG CHILDREN WITH CEREBRAL PALSY 
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2:1 Abstract 
Background: The attainment of walking is a focus of physical therapy intervention in 
young children with cerebral palsy (CP) and may impact independence in mobility and 
participation in daily activities. However, knowledge of determinants of walking to guide 
physical therapists in making clinical decisions is lacking.  
Objective: The aim of this study was to identify child factors (postural control, reciprocal 
lower limb movement, functional strength, and motivation) and family factors (family 
support to child and support to family) that indicate readiness for independent walking in 
young children with CP, Gross Motor Function Classification System (GMFCS) levels II-
III. 
Design: Secondary data analysis of an observational cohort study.  
Methods: Participants were 80 children with CP, 2-6 years of age. Child factors were 
measured one year prior to the walking outcome. Parent-reported items representing 
family factors were collected seven months after study onset. The predictive model was 
analyzed using backward stepwise logistic regression.  
Results: A measure of functional strength in a sit to stand task was the only significant 
predictor of taking ≥ 3 steps independently. The multivariate model had a 79% 
probability of predicting not walking, i.e., negative predictive value, but only a 54% 
probability of predicting walking, i.e., positive predictive value.  
Limitations:  The primary limitation is the lack of specificity of child and family 
characteristics  not prospectively selected to predict the walking outcome.  
Conclusions: A sit to stand task, a dynamic functional activity, was a significant 
predictor of taking independent steps. Prospective longitudinal studies in which child and 
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family characteristics are measured at shorter intervals are recommended to determine 
indicators of readiness for independent walking in young children with CP.  
Key words: cerebral palsy, prediction of walking, determinants of independent walking, 
strengthening, functional strengthening, sit to stand task, physical therapy decision 
making, person environment model. 
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2:2 Introduction 
The attainment of walking is an important goal for families of young children with 
cerebral palsy (CP) and is a focus of early physical therapy intervention. CP is a chronic 
disorder of posture and movement.1-3 Early limitations in walking present potential 
barriers to participation in physical, recreational, and social activities4-7 that may affect 
development of friendships.8,9 Determination of readiness for walking has particular 
relevance for children with CP, Gross Motor Function Classification System (GMFCS) 
levels II and III, whose trajectory and/or prognosis for attaining independent walking are 
more variable in early childhood but who are expected to have limitations in walking 
outdoors and in the community.1,10 Walking without support, even for short distances 
may impact independence in mobility and participation in recreational, leisure, and 
learning activities.5,11 Palisano and colleagues found that children and youth classified 
levels II-III were 4.6 times more likely to not do any activities with friends or others 
when compared to those who walked without assistance, level I.12 Changes in motor 
abilities occur during a transitional phase of variable movement patterns, i.e., a sensitive 
period, during which interventions might be particularly effective.13,14 Despite advocacy 
for an early focus on activity through intensive practice to enhance mobility,15,16 a 
framework to guide therapists and parents in determining when a child has the 
foundational abilities indicating he or she is at or near the point of taking steps 
independently, i.e., ‘ready’ to walk, is lacking.   
     Research provides insights on child characteristics associated with the ability to walk 
without assistance.17-22 Sitting without support18,19 and pulling to stand at age 220 have 
been associated with future walking. Prospective studies identified reciprocal crawling on 
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hands and knees21 and the number and rate of acquisition of motor milestones22 in the 
first 30 months as predictive of independent walking. Fedrizzi and colleagues found that 
children with CP who rapidly achieved gross motor skills in the first 2 years, e.g., roll 
from supine to prone and sit without support, walked independently between 3 and 5 
years of age.22 Motor development and percentile curves for children with CP1,23 aid in 
the prediction of walking however variability in motor capability exists within GMFCS 
levels.23 The challenge for parents and therapists is in identifying key factors that signify 
walking readiness that can guide intervention planning to optimize independent walking.  
     Our conceptual framework for walking readiness depicts a person-environment model 
of potential factors associated with taking steps independently (Figure 1). Consistent with 
the International Classification of Functioning, Disability and Health, (ICF), this 
framework illustrates the interaction between child neuromuscular functions and 
psychosocial aspects within and external to the child. When making clinical decisions 
regarding when to intensify a focus on independent walking it is important to consider the 
dynamic interaction of the child and the daily environment that influences mobility.3,13,24 
A minimum child capability on a combination of key neuromuscular functions (postural 
control, reciprocal lower limb movement, and functional strength) may be an important 
prerequisite to walking. Child motivation, representing an intrinsic drive to master a 
challenging skill, has been identified as a determinant of basic motor abilities in children 
with CP.25,26 Together, child neuromuscular functions and motivation represent ‘child 
factors’ that may be influential in the development of independent walking. Family 
support to the child and support to the family, i.e., ‘family factors’ represent the 
influences of parents and community members who provide an opportunistic 
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environment that may promote independent walking. Evidence of child and family 
environmental factors for determining when a child with CP is ready to learn to walk has 
important implications for an efficient and cost-effective habilitation plan. 
 
	  
	  
	  
 
Figure 1. Model of Potential Factors Associated with Independent Walking in 
Young Children with Cerebral Palsy  
 
     Postural control, the ability to maintain balance in antigravity postures, is considered a 
primary impairment in young children with CP.27,28 Postural control in sitting and 
standing allows safe performance of everyday tasks and is a prerequisite to independent 
walking.29 Stability in quiet standing has been correlated with an earlier age of 
independent walking in children with spastic diplegia, level I.30  
     Reciprocal lower limb movement describes alternating limb movements to advance 
the body forward through crawling, walking, and running. Reciprocal crawling on hands 
and knees has been suggested as an important predictor of independent walking in 
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children with CP.18,22,31 Impaired ability to coordinate reciprocal lower limb movement, 
may contribute to a compensatory crawling strategy of simultaneous hip flexion, i.e., 
“bunny-hopping” that has been associated with the inability to walk independently.18,21  
     Functional strength describes the coordinated activation of sufficient muscle forces in 
the lower limbs necessary to move away from the supporting surface to change the 
position of the body in space, e.g., standing from or lowering to sitting on a bench. 
Muscle strength has been associated with attainment of gross motor abilities and shown 
to indirectly influence functional outcomes in self-care, mobility, and social function in 
children with CP.31,32 In infants developing typically, the transition to independent 
walking occurs in part through efficient coordination of inter-segmental muscle forces 
and inertia to propel the body forward while upright.33  
      Motivation in young childhood is a multidimensional construct that includes a child’s 
attempts to master physical skills.34 Children with mastery motivation initiate and adapt 
motor actions perceived to be challenging, often deriving pleasure from the effort. 
Majnemer and colleagues (2010) suggest that perseverance and practice to master 
difficult activities self-promotes learning of novel motor abilities and may be influenced 
by environmental factors such as child and family support systems.35  
     Family factors include the supports and opportunities provided by the family and 
others to foster the child’s learning of walking during daily activities. Support to the child 
and support to the family encompass the important role of parents, therapists, teachers, 
extended family, and community members in providing a stimulating environment for 
early motor exploration and opportunities for repetition and task-specific practice of 
	  	  	  	  
77	  
	  
emerging child motor abilities. Support to the family empowers parents to coordinate 
services and orchestrate experiences for their child in the community. 36,37  
     The objective of this study was to identify the child and family factors associated with 
the ability to take 3 or more steps independently in young children 2-6 years of age with 
CP, GMFCS levels II-III. We hypothesized that child factors would have a higher 
association with independent walking than family factors. More knowledge of 
determinants of walking may contribute to identification of child and family factors 
signifying readiness for walking in young children with CP and guide clinical decision-
making to promote independent walking. 
2:3 Method 
Design and Participants 
This cohort study used exploratory associational methods in a secondary data analysis to 
examine a subsample of 80 of the 429 participants in the Move & PLAY study, a multi-
site longitudinal study of determinants of motor abilities, self-care, and play in young 
children with CP.25,38   Institutional review board approval was obtained and parents 
provided informed consent. Data were analyzed for 80 children with CP in GMFCS 
levels II-III who were not walking, defined by independent walking less than 3 steps at 
the beginning of the study. Descriptive characteristics of participants are presented in 
Table 1. Children’s average age at the beginning of the study was 33.3 months (SD=10.8) 
and at the end of the study was 45.6 months (SD=10.7). Parents were on average 34.2 
years of age and 72% had more than a high school education.  
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Table 1. Characteristics of Children with Cerebral Palsy and their Families 
 
 
*Group membership: Walkers and Non-walkers determined at end of study. 
 
 
Measures 
The GMFCS10 was used to identify children in level II, expected to walk by 4-6 years 
without assistive mobility devices (AMD), or level III, expected to walk by 4-6 years 
with AMD.10 The GMFCS has demonstrated high inter-rater reliability for children 2-12 
 
Child and Family 
Variables 
 
All 
Participants 
(n=80) 
 
*Walkers 
(n=21) 
 
*Non-walkers  
 (n=59) 
 
 
P value 
 
Child Age at end of study 
(months)  
    Mean (SD) 
 
  45.6 (10.7) 
 
42.8 (9.4) 
 
  46.6 (11.1) 
 
.16a 
Child Gender n (%) 
    Male 
 
45 (56.3) 
 
13 (61.9) 
 
32 (54.2) 
 
.54b 
GMFCS n (%) 
    Level II 
    Level III 
 
33 (41.3) 
47 (58.8) 
 
18 (85.7) 
 3 (14.3) 
 
15 (25.4) 
44 (74.6) 
 
<.01b	  
Child Race n (%) 
    Caucasian 
    Other 
 
58 (72.5) 
22 (27.5) 
 
16 (76.2) 
 5 (23.8) 
 
42 (71.2) 
17 (28.8) 
 
.66b 
Parent Age (years)  
    Mean (SD) 
 
34.2 (6.9) 
 
34.9 (7.8) 
 
34.0 (6.7) 
 
.61a	  
Parent Education n (%) 
    Community college 
    or above 
 
58 (72.5) 
 
13 (61.9) 
 
45 (76.3) 
 
.21b 
Parent Income n (%) 
     ≥ $45,000 
 
52 (65.0) 
 
11 (52.4) 
 
41 (71.9) 
 
.10b 
Parent Employment n (%) 
   Working part time or  
   full time 
 
48 (60.0) 
 
12 (57.1) 
 
36 (61.0) 
 
.76b 
Residence n (%) 
   USA 
   Canada 
 
49 (61.3) 
31 (38.8) 
 
15 (71.4) 
 6 (28.6) 
 
34 (57.6) 
25 (42.4) 
 
.27b 
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years of age (Kappa=.75) and moderate inter-rater reliability for children under 2 years of 
age (Kappa=.55).39  
Outcome Variable: Independent Walking Ability  
The outcome variable, the ability to walk ≥ 3 steps independently, was measured using 
item 69 on the Gross Motor Function Measure (GMFM-66).40 The GMFM-66 was 
administered with a shortened version, the basal and ceiling approach (GMFM-66 
B&C).25 The GMFM-66 B&C tests only items relevant to the child’s ability, ordered by 
level of difficulty, age, and GMFCS level.41 The GMFM-66 B&C has demonstrated high 
concurrent validity with the GMFM-66, intra-class correlation coefficient (ICC) 
[2,1])=0.987, 95% CI=0.972-0.994, and test-retest reliability, (ICC) [2,1]=0.994, 95% 
CI=0.987-0.997.41 GMFM item responses are scored on an ordinal scale (range=0-3). A 
score of 2 (walks forward 3-9 steps) or 3 (walks forward 10 steps) on GMFM item 69 
identified a Walker, and a score of 0 (does not initiate walking forward) or 1 (walks 
forward <3 steps) on this item identified a Non-walker.  
Predictor Variables: Child and Family Factors       
Six predictor variables were selected based on theory, research, and practice knowledge 
(Table 2). Postural control, defined as the ability to maintain balance in upright 
antigravity postures, was the sum of scores for postural control in sitting, GMFM item 34, 
and in standing, GMFM item 53. The postural control variable for this study moderately 
correlated (r=.53) with the measure of children’s overall balance used in the Move & 
PLAY study, the Early Clinical Assessment of Balance (ECAB).42 Reciprocal lower limb 
movement, describing alternating movements between the limbs to advance the body 
forward on hands and knees through crawling, was measured using GMFM item 45.   
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Table 2. Hypothesized Predictor Variables: Item Descriptions and Scoring Criterion  
	  
Child Factors  
(beginning of year followed) 
Measures 
Postural Control Gross Motor Function Measure (GMFM); 
Sum: GMFM item 34 + GMFM item 53 
Score GMFM item 34: Sitting on Bench GMFM item 53: Standing 
0 Does not maintain sitting on bench Does not maintain standing, holding on 
1 Maintains, arms propping and feet 
supported, 10 seconds 
Maintains, two hands holding on, 3 
seconds 
2 Maintains, arms free and feet supported, 
10 seconds 
Maintains, one hand holding on, 3 
seconds 
3 Maintains, arms and feet free, 10 seconds Maintains, arms free, 3 seconds 
Reciprocal Lower Limb Movement GMFM item 45, dichotomized; 
(0 or 1= Crawler; 2 or 3= Non-crawler) 
Score GMFM item 45 Crawls Reciprocally 
Forward 
 
0 Does not initiate crawling forward 
reciprocally 
 
1 Crawls reciprocally forward <60cm (2 ft)  
2 Crawls reciprocally forward 60cm-1.5m 
(2-5 ft) 
 
3 Crawls reciprocally forward 1.8m (6 ft)  
Functional Strength Pediatric Balance Scale (PBS); Sum: PBS item 1 + PBS item 2 
Score PBS item 1: Sitting to Standing PBS item 2: Standing to Sitting 
0 Needs moderate or maximal assist to 
stand 
Needs assistance to sit 
1 Needs minimal aid to stand or to stabilize Sits independently, but has uncontrolled 
descent 
2 Able to stand using hands after several 
tries 
Uses back of legs against chair to control 
descent 
3 Able to stand independently using hands Controls descent by using hands 
4 Able to stand without using hands and 
stabilize independently 
Sits safely with minimal use of hands 
Child Motivation 
 
Early Coping Inventory (ECO); 
Sum of items 4, 9, 27, 28, 42, 43, 44, 46 
ECO 
Item 
Ordinal Scale: (1) the behavior is not effective to (5) the behavior is consistently 
effective across situations 
Item Description 
4 Child maintains visual attention to people and objects. 
9 Child demonstrates pleasure in self-initiated body movement and sensory exploration. 
27 Child adapts to daily routines and limits set by caregiver. 
28 Child adapts to changes in the environment. 
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Table 2. Hypothesized Predictor Variables: Item Descriptions and Scoring Criterion 
(continued) 
 
42 Child applies a previously learned behavior to a new situation. 
43 Child demonstrates persistence during activities. 
44 Child changes behavior when necessary to solve a problem or achieve a goal. 
46 Child actively participates in situations. 
Family Factors  
(mid-point of year followed) 
Measures 
 
Family Support to Child 
 
Family Support to Child (FSC); Family Expectations 
of Child (FEC); Services Part E (SE); Sum of items: 
FSC 1, 2, 4, 5; FEC 4, 5; SE 26 
FSC 
Item 
Ordinal Scale: (1) not at all/to a very small extent to (5) to a great/very great extent 
Item Description 
1 In your family, you regularly do things WITH, not for, your child. 
2 You allow your child to take risks and struggle with activities. 
4 You and your child regularly use games, enjoyable activities (e.g., playground), floor 
play, and energetic physical play. 
5 You regularly involve friends (children or adults) and other people in follow-up with 
therapy ideas throughout the day. 
FEC 
Item 
Ordinal Scale: (1) not at all/to a very small extent to (5) to a great/very great extent 
Item Description: When helping your child learn to play, do things for him/herself 
(such as feeding and dressing), and learn to move around as he/she is able to (such as 
rolling, crawling, sitting, standing, and walking), you expect him/her to… 
4 …do the exercises/activities recommended by his/her therapist(s) regularly. 
5 …do all regular family activities as well as he/she is able to. 
SE When thinking about yourself and your child’s therapy, … 
26 …To what extent are you able to include therapy recommendations into your child’s 
daily routines and activities? 
Support to Family 
 
Family Support Scale (FSS); Sum of all items: 1-18 
FSS 
Item 
Ordinal Scale: (1) not at all helpful to (5) extremely helpful 
Item Description 
1-18 Items list people and groups that are often helpful to parents raising a young child, 
e.g., grandparents, friends, parent groups, churches, early intervention, childcare or 
school program, physician, therapists, and teachers, social services.  
 
 
     Functional strength, defined as ability to generate and sustain muscle forces to move 
the body through space in a sit to stand task was measured using two items selected from 
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the Pediatric Balance Scale, PBS.43 PBS item responses are rated on an ordinal scale from 
(0) needs assistance to perform to (4) able to do task independently. High test-retest 
reliability, (ICC) [3,1]=0.998 and inter-rater reliability, (ICC) [3,1]=0.997 has been 
reported for children 5-15 years with mild to moderate motor impairment.43 The sum of 
the scores on PBS item 1, rising to standing from a bench, and PBS item 2, lowering to 
sitting on a bench from standing, was used to measure child functional strength. Scores 
for the two PBS items (closed chain activity) did not correlate (r=.12) with scores for hip 
and knee strength during manual muscle testing (open chain activity) in the Move & 
PLAY study. Despite the low correlation, selected PBS items were chosen to capture the 
specificity of strength in a closed chain functional activity.  
     Child motivation describes the internal drive to attempt challenging motor activities 
and find the effort pleasurable. Child motivation was measured using select items from 
the Early Coping Inventory (ECI) a 48-item observational tool that measures adaptive 
behaviors in 4-36 month-olds.44 High inter-rater reliability (r=.80-.94) has been reported 
for the ECI.45 Selected items describe child adaptability and self-initiated behaviors 
believed to characterize motivation to learn to walk independently. Parent rated child 
behaviors range from (1) not effective to (5) consistently effective across situations. The 
sum of scores on eight ECI items was used to measure child motivation. 
     Family support to child describes parent expectations and functional adaptations, i.e., 
hand over hand assistance to perform a motor activity, which encourages child 
independence in learning a new skill.46 Family support to child also includes parent 
provided activity settings to promote child motor abilities through embedded 
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developmental learning opportunities during daily routines such as negotiating the slide 
at the playground.47,48  
     Family support to child was measured with items from three measures, Family 
Expectations of Child (FEC), Family Support to Child (FSC), and a services 
questionnaire. The FEC and FSC are 5- and 6-item measures respectively of parent 
expectations and support when learning how to play or move around. Developed through 
a consensus process with parents of young children with CP, these measures have 
demonstrated content validity and test-retest reliability.25 Two FEC items and four FSC 
items were selected to reflect parents’ willingness to encourage the child to take risks and 
participate in energetic physical play. Item responses from the 7-point ordinal scale were 
converted to a 5-point scale to improve interpretation of results. The responses, ‘not at all’ 
and ‘to a very small extent’ and the responses, ‘to a ‘great’ or ‘very great extent’ were 
collapsed to develop the 5-point scale. The service questionnaire was developed by Move 
& PLAY investigators to gather information about the focus and processes of therapy 
interventions.49 Responses ranged from (1) not at all to (5) to a very great extent. One 
item was selected to measure the extent parents are able to include therapy 
recommendations in daily routines. The sum of the scores on selected FEC, FSC, and 
services items was used to measure family support to child.  
    Support to family describes the extended family and community members often helpful 
to parents in raising a young child. Support to family was measured using the Family 
Support Scale, FSS.50 The FSS is an 18-item measure with item responses from (1) not at 
all helpful to (5) extremely helpful. The FSS has demonstrated internal consistency 
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(alpha coefficient=0.79) and test-retest reliability (r=.91).25 The sum of all FSS items was 
used to measure support to family. 
Procedure  
In the Move & PLAY study, 60 physical therapist assessors who did not provide services 
to the child/family administered the study measures. Prior to data collection, assessors 
participated in a one-day training workshop and achieved a standard of at least 80% 
agreement with criterion videotapes for each measure. Seventeen interviewers, including 
14 physical therapists, administered parent report measures by telephone interview. Prior 
to the interviews, they participated in a training teleconference that included perspectives 
from parent consultants.  
     The initial test session took place in the family’s home or clinic where the child 
received services. Assessors classified GMFCS level and administered the GMFM and 
PBS. Parents completed the ECI. On average 7 months later (SD=1.9) parents completed 
the FEC, FSC, services questionnaire, and FSS. Interview questions were mailed to 
parents prior to administration and were completed by parents through telephone 
communication. Seven parents (8.8%) completed these measures in paper form returned 
by mail or at a home or clinic visit. An average of 12.4 months (SD=0.09) after the initial 
test session, assessors completed the GMFM again. 
Data Analysis  
Data were analyzed using SPSS version 20.0 (IBM SPSS Statistics, Inc., Chicago, IL). 
Descriptive statistics for child and family demographics were computed. Mean 
substitution was used to input a PBS value for one case. Five predictor variables had an 
approximately normal distribution of scores. The reciprocal lower limb movement 
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variable was dichotomized due to an approximately equal distribution of lowest (0) and 
highest (3) scores and only 10% of scores of (1) or (2). The dichotomized variable 
represents Crawlers, score of 2 or 3, and Non-crawlers, score of 0 or 1.  
     Means and standard deviations for continuous variables and frequencies for 
categorical variables were computed for each group. Differences between Walkers and 
Non-walkers were calculated using independent t tests for continuous variables and chi 
square tests for categorical variables. Statistical significance was set at alpha < .05 for all 
analyses. Intercorrelations of predictor variables were examined through Pearson product 
moment coefficients. Tests for multicollinearity among predictor variables were 
examined through multiple linear regression analysis. 
      Logistic regression analysis was used to determine the variables that predicted the 
ability to walk at least 3 steps independently. All predictor variables were initially entered 
simultaneously into the model however the Hosmer & Lemeshow goodness-of-fit test, 
(P<.05), indicated the model was not a good fit. To improve model fit, predictor variables 
were entered using a backward stepwise method. Sensitivity and specificity of the 
significant predictor variable was assessed using a receiver operating characteristic 
(ROC) curve.  
     Moderate correlations between postural control and other child neuromuscular 
functions prompted closer examination of this variable through post hoc univariate 
logistic regression analysis and construction of a ROC curve.  
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2:4 Results 
Differences Between Walkers and Non-walkers  
One year after the first assessment, 21(26%) children were Walkers and 59(74%) 
children were Non-walkers. Most Walkers, 18 of 21(85.7%) scored a 3 on GMFM item 
69, indicating ability to walk forward 10 steps, and 13 of 21(62%) also scored a 3 on 
GMFM item 70, indicating ability to walk forward 10 steps, turn 180 degrees, and return 
to start. Most Non-walkers, 54 of 59(91.5%) scored a 0 on item 69, indicating the child 
did not attempt to take a step. Walkers and Non-walkers did not differ significantly in age 
or on child and family demographics except for GMFCS classification; 86% of Walkers 
and 25% of Non-walkers were classified level II (Table 1).  
     Average scores on predictor variables for the full sample, Walkers, and Non-walkers 
are listed in Table 3. Mean scores for child neuromuscular functions were significantly 
higher for Walkers than Non-walkers, (P<.05). Mean scores for child motivation, family 
support to child, and support to family variables did not differ significantly between the 
two groups, (P>.05) (Table 3). 
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Table 3. Descriptive Statistics for Hypothesized Predictor Variables 
 
 
Predictor Variables 
 
All 
Participants 
(n=80) 
 
Walkers 
(n=21) 
 
Non-walkers 
(n=59) 
 
P value 
(t tests) 
Postural Control 
  Mean (SD) 
  Range (maximum=6) 
 
4.8 (1.6) 
0-6 
 
5.4 (1.2) 
2-6 
 
4.5 (1.7) 
0-6 
 
.02 
Reciprocal Lower 
Limb Movement 
  Mean (SD) 
  Range (maximum=3)  
 
      1.6 (1.4) 
0-3 
 
   2.2 (1.3) 
0-3 
 
    1.3 (1.4) 
0-3 
 
.01 
Functional Strength 
  Mean (SD) 
  Range (maximum=8) 
 
1.8 (2.3) 
0-8 
 
3.3 (2.8) 
0-8 
 
1.3 (1.8) 
0-6 
 
<.01 
Motivation 
  Mean (SD) 
  Range (maximum=40) 
 
     32.6 (5.9) 
17-40 
 
31.7 (5.7) 
22-40 
 
32.9 (6.0) 
17-40 
 
.43 
Family Support to 
Child Mean (SD) 
  Range (maximum=35) 
 
     30.2 (3.7) 
19-35 
 
29.7 (5.3) 
19-35 
 
30.4 (3.0) 
24-35 
 
.45 
Support	  to	  Family	  	  	  Mean	  (SD)	  	  	  Range	  (maximum=90)	   	  	  	  	  	  	  46.4	  (10.9)	  20-­‐68	   	  45.3	  (14.0)	  20-­‐67	   	  46.8	  (9.6)	  27-­‐68	   	  .61	  
 
 
     Intercorrelations among predictor variables showed moderate correlations between 
postural control and reciprocal lower limb movement, r=.60, (P<.01), and postural 
control and functional strength, r=.41, (P<.01). A low to moderate correlation was found 
between functional strength and reciprocal lower limb movement, r=.32, (P<.01). 
Multicollinearity tests showed no dependency between predictor variables that would 
bias the regression model.  
Factors Associated with Walking 
    Results of the backwards stepwise logistic regression showed functional strength was 
the only significant predictor, (P<.05). The odds ratio for functional strength was 1.45, 
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95% CI=1.15-1.83. To determine the odds related to a 4-unit increase in the functional 
strength score, the regression coefficient, B=.373 is multiplied by 4 = 1.492 then raised as 
a power of e, the base of the natural logarithm (e(.373 x 4) = e1.1492 = 4.45). Thus, the odds 
of becoming a walker are 4 times greater for a child who scores a 4 than one who scores a 
0 on this variable. 
     The logistic regression model correctly classified a Walker 33.3% of the time, 
(sensitivity= 7/21=.333), and a Non-walker 89.8% of the time, (specificity=53/59=.898) 
(Table 4). With high specificity, the model will be relatively good at correctly predicting 
those with the outcome (Walkers). This is reflected in the positive predictive value for 
walking (PPV=7/13=54%), more than twice the probability of walking before applying 
the model (21/80=26%). Conversely, the low sensitivity reflects a negative predictive 
value for not walking (NPV=53/67=79%), a small improvement from the probability of 
not walking before applying the model (59/80=74%). The overall accuracy of 
classification is 75%, i.e., the model correctly identifies a Walker or Non-walker 75% of 
the time. 
 
Table 4. Classification Table for Observed and Predicted Walking Outcome 
 
 
Predicted Outcome 
	  
 
Walkers	  
 
Non-walkers	  
 
Walkers 
	  
	  7	   	  6	  
 
Non-walkers 
	  
	  14	   	  53	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     The ROC curve for functional strength showed the area under the curve (AUC)=0.71, 
(P<.01), 95% CI=0.57-0.85, indicating that functional strength discriminated between 
Walkers and Non-walkers significantly better than chance. The coordinates of the ROC 
curve indicated the optimal level at which to first predict walking corresponds to a cutoff 
score of 4, (sensitivity=.52, specificity=.86) (Figure 2).  
 
 
 
 
 
Figure 2. Receiver Operating Characteristic (ROC) curve for Functional Strength 
variable. Coordinates of the optimal level at which to first predict walking: (1 – 
Specificity) = 0.14, Sensitivity = 0.52. 
 
 
     Post hoc exploratory analysis showed postural control as a single variable was a 
significant predictor of the walking outcome (P<.05). The odds ratio for postural control 
was 1.63, 95% CI=1.04-2.56. The ROC curve for postural control showed the area under 
the curve (AUC)=0.67, (P<.05), 95% CI=.54-.80 (Figure 3). The coordinates of the ROC 
curve showed sensitivity=.76 and specificity=.56 for the highest score of 6.  
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Figure 3. Receiver Operating Characteristic (ROC) curve for Postural Control 
variable. Coordinates at which to optimally predict walking: (1 – Specificity) = 0.44,	  
Sensitivity = 0.76. 	  
 
2:5 Discussion 
This study examined a person-environment model of child and family factors that predict 
taking independent steps in young children with CP, ages 18-57 months, classified 
GMFCS levels II-III. Results indicated that functional strength measured in a closed 
chain sit to stand task was the only predictor of ability to take 3 or more steps 
independently after one year. The sit to stand task, while used in our study as a measure 
of functional strength, is a dynamic activity that also incorporates postural control and 
coordinated movements of the body. Sitting to standing affords the child the opportunity 
to potentially initiate a step. The results of this study support measurement of sitting to 
standing and standing to sitting as an indicator of readiness to learn a new mobility 
method of taking steps without support of a person or assistive mobility device (AMD). 
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The ability to identify when the child is on the verge of taking independent steps, i.e., 
‘ready’ has relevance for intervention planning to practice walking with less assistance 
from persons or AMD during daily activities.  
     The ROC curve for functional strength indicates a higher probability of walking in 
children who, at a minimum, are able to stand from the bench or stabilize with minimal 
aid. Strengthening programs for children with CP emphasizing closed chain exercises 
mimicking everyday activities have been shown to increase strength and functional 
ability.51 These studies report improvements in lower limb muscle strength, sit to stand 
and squat to stand activities, and motor abilities in standing and walking through targeted 
strengthening.52-56 To prepare for walking, our study supports training of muscle strength 
in closed chain functional activities.  
     The model improved the probability of predicting walking. However, the low 
sensitivity of the functional strength variable suggests its limitations as a sole predictor of 
independent walking. Exploration of cases that did not follow the predictive criterion, i.e., 
Walkers scoring a 0 (low) (n=5) and Non-walkers scoring ≥5 (high) (n=6) on the 
functional strength variable were examined descriptively. Among children with low 
functional strength, all Walkers (5/5) and 53%(16/30) of Non-walkers were under 3 years 
of age at the beginning of the study. Also among children with low functional strength, 
60%(3/5) of Walkers and 30%(9/30) of Non-walkers had procedures for spasticity 
management during the year. Among children with high functional strength, only 
14%(1/7) of Walkers but 50%(3/6) of Non-walkers were hospitalized for medical reasons 
such as seizures. These cases illustrate that factors including age, medical management, 
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and other health conditions potentially moderate when a young child with CP is on the 
verge of taking independent steps.  
     Different from previous studies identifying an association between early motor 
milestones and future walking, 20-22 this study sought to identify factors indicating 
readiness for walking within a specified time frame. The one-year interval between 
measurement of neuromuscular functions and ability to take steps independently may be 
too long to capture dynamic changes within the child interacting with the daily 
environment.57 Some Walkers who did not perform the sit to stand task might have 
improved functional strength following the initial test session which could have been 
determined had the predictors been measured at repeated intervals. As proposed by 
Esther Thelen, developmental subsystems progressing at their own rate converge at a 
critical time to contribute to independent walking.13 A recommendation for future studies 
is frequent measurement of predictor variables and the walking outcome, i.e., every 1-3 
months, to temporally link neuromuscular functions to independent walking.  
     The results of the logistic regression suggest that static measures of postural control in 
sitting and supported standing and reciprocity moving on hands and knees are not good 
predictors of independent walking. The correlation between our indicators of functional 
strength (bench sit to stand), postural control (bench sitting and standing without support), 
and reciprocal lower limb movement indicate the activities are not independent of each 
other. When examined separately, postural control and reciprocal lower limb movement 
were significantly associated with the walking outcome. However, more than half of the 
children who were able to sit on a bench for 10 seconds and stand for 3 seconds did not 
achieve the walking outcome. Also, more than half of the children who were able to 
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reciprocally crawl at least 5 feet did not achieve the walking outcome. Our findings 
suggest that a measure of strength during movement in a closed chain functional activity, 
that includes a component of dynamic postural control, was the best predictor of 
independent walking. 
     Based on our findings, we recommend examining whether ability to walk with one 
hand support for balance predicts readiness to take steps independently. Walking with 
less hand support more closely demonstrates the task specificity of learning to walk 
independently. Children with CP exhibit immature balance reactions and walking 
patterns similar to infants with typical development who walk with support.58-60 Postural 
control with hands free of support during the stance phase of walking is a prerequisite of 
independent walking.61 Early opportunities to practice postural control while walking 
with less hand support might initiate a phase shift towards development of mature 
balance reactions and learning of independent walking through repetitive everyday 
walking experience.13,33 Reduced hand support during walking, therefore, is a potential 
indicator of readiness to take steps independently.  
     The finding that child’s motivation, family support to the child, and support from 
others were not predictors of child’s ability to take steps independently should be 
cautiously interpreted. These are general measures of these constructs and were not 
contextualized to walking. In keeping with the conceptual framework of the ICF, further 
research is recommended to examine personal factors, i.e., child motivation to walk, and 
environmental factors, i.e., family readiness to provide opportunities for practice of 
walking with less assistance at home and in the community. At present, measures have 
not been validated specific to the context of walking.  
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     A small sample and secondary data analysis were limitations of this study. Prospective 
studies are needed to select predictive measures that are task-specific to walking 
independently. In addition to recommendations above, a measure of functional strength 
and dynamic postural control while swinging the lower limb forward to initiate a step 
may increase the sensitivity of predicting readiness for walking. Similarly, the ability to 
step reciprocally on a treadmill with body weight support may more specifically predict 
walking readiness. Further research is recommended to determine neuromuscular 
functions, e.g., functional strength, postural control, and reciprocal lower limb movement 
that predict independent walking and to contribute to understanding readiness for walking 
during sensitive periods.  
Implications for Practice 
Clinical decision-making about physical therapy interventions to promote readiness for 
change in walking ability may require ongoing assessment. Motor development is 
nonlinear, progressing with age and experience.13,24 Our results indicate that among 
young children with CP, a child who is able to transition from sitting on a bench to 
standing with minimal assistance may be ready for a more intense focus on learning 
independent walking, however a child who is unable to perform this task is not likely 
ready for walking. Sitting and standing from a chair, an important daily activity at 
preschool is an integrated way of repeatedly assessing and practicing muscle strength and 
dynamic postural control in a single functional activity.                                                                                                                                                                                                                                      
      This observational study did not address the potential to improve walking with 
practice in young children with CP classified GMFCS levels II-III. Evidence of the 
amount of practice needed to attain independent walking is limited. However, effective 
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collaboration with parents and community partners may increase the amount of task-
specific practice of functional strength, dynamic postural control, and walking in 
activities that are challenging and fun.49 For instance, climbing on playground equipment 
affords opportunities for functional strengthening and reciprocal lower limb movement. 
Hitting a ball off a tee provides perturbations of postural control. Walking practice with 
less assistance can be incorporated into daily routines and recreational programs.  
2:6 Conclusion 
The aim of this study was to test a model of predictors of walking in young children with 
CP, GMFCS levels II-III. A sit to stand task, a dynamic activity incorporating functional 
strength, postural control, and coordinated body movement was predictive of taking 3 or 
more steps independently. Static postural control, reciprocal lower limb movement during 
crawling, child motivation, family support to child, and support to family did not predict 
independent walking. Prospective longitudinal studies using a time series design are 
needed to examine task-specific walking with less assistance as a potential indicator of 
readiness for independent walking. This work could ultimately contribute to development 
of a clinical practice guideline or clinical prediction rule for independent walking in 
young children with CP.  
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CHAPTER 3: PHYSICAL THERAPY INTERVENTIONS AND THEIR 
                      RELATIONSHIP TO WALKING PERFORMANCE IN 
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3:1 Abstract 
 
Purpose: To examine whether parent reported focus and amount of physical therapy (PT) 
predicted usual methods of walking in children with cerebral palsy (CP), Gross Motor 
Function Classification System (GMFCS) levels II-III.   
Methods: Parents of 84 children with CP, 2-6 years of age, reported	  amount	  of	  PT	  children	  received	  and	  extent	  PT	  services	  focused	  on	  balance	  activities	  for	  postural	  control,	  strengthening	  exercises,	  transfer	  training,	  and	  mobility	  training.	  Parents 
reported children’s usual method of walking in home, preschool, community, and 
outdoors settings 5.5 months later. Predictive models per setting were analyzed using 
multiple linear regressions. 
Results: A focus on strengthening exercises predicted walking performance at preschool, 
(P<.05), explaining 17% of variance. The regression model was not predictive of walking 
in other settings. 
Conclusions: Children walking with more independence at preschool had a higher focus 
on strengthening exercises in therapy per parent report. Walking performance may be 
influenced by complex environmental factors.   
Key words: cerebral palsy, prediction of walking, strengthening, strengthening exercises, 
walking performance, physical therapy interventions 
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3:2 Introduction 
Attaining the highest possible level of independence in walking is a primary outcome of 
physical therapy interventions for young children with cerebral palsy (CP) whose motor 
skills are classified at Gross Motor Function Classification System (GMFCS) levels II-
III.1 Measurement of motor outcomes including walking is often based on assessment of 
child ability in a controlled setting rather than everyday situations.2 The International 
Classification of Functioning and Disability (ICF)3 model differentiates between capacity, 
i.e., what a child can do in a standardized environment, capability, i.e., what a child can 
do in the daily environment, and performance, i.e., what a child does do in daily life.4,5 
Limited evidence exists to guide clinical decision making to improve the performance or 
‘usual method’ of walking in everyday settings. To optimize independent walking in 
young children with CP physical therapy (PT) interventions have been focused on 
impairments in foundational neuromuscular functions such as postural and motor control 
and muscle weakness, and activities to practice walking.6-8 A study of PT services 
showed that children in levels II-III received more PT than children in other GMFCS 
levels.9 Knowledge of determinants of walking performance in everyday settings will 
contribute to clinical decision making to support walking with more independence, i.e., 
less assistance from persons or assistive mobility devices (AMD) in daily life. 
     Observational studies of children with CP reporting high associations between motor 
capacity and performance also report large variability in performance, both within the 
same capacity levels and among different environmental settings.2,10 In a cross sectional 
study of children’s daily mobility (all GMFCS levels), Smits and colleagues5 reported 
motor capacity measured on the Gross Motor Function Measure (GMFM-66) explained 
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84% of the variance in motor performance measured on the Pediatric Evaluation of 
Disability Inventory (PEDI) Caregiver Assistance mobility scale for 4-7 year old children 
with spastic CP. Tieman and colleagues11 examined all methods of children’s usual 
mobility through parent report and found more independence in mobility in the home 
than at school (GMFCS level II) and less independence in mobility outdoors and in the 
community than at home or school (GMFCS levels II-III). These researchers suggested 
that in addition to gross motor capacity, personal and environmental factors might play a 
large role in determining a child’s mobility performance in daily settings.5,11 
     Optimizing walking in different environmental settings may include interventions 
focused on foundational neuromuscular functions. Studies examining the efficacy or 
effectiveness of PT interventions for young children with CP have focused on postural 
control6 and task-oriented strength training.7,12-14 Improvements in postural control in 
sitting in 5-24 month-old infants with or at risk for CP have been reported following 
interventions specifically targeting this task.6 However, no intervention studies have 
linked postural control improvements to walking outcomes. In a study of 4-8 year-old 
children with CP, Blundell13 and colleagues reported improvements in functional strength 
and walking speed following a 4-week group circuit training program that included 
closed chain exercises and walking practice. In studies of 4-12 year-old children with CP, 
task-specific strength training programs that focused on transferring the body through 
squat or sit to stand exercises12 and walking on stairs7,14 have been shown to improve 
walking capacity on the GMFM dimensions D (standing) and E (walking, running, 
jumping)7,12,14,, functional mobility on the Timed “Up and Go” test (TUG)7, and walking 
speed.14 Yet there is a gap in knowledge about the association between the focus of PT 
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interventions and children’s usual method of walking in different settings, especially for 
preschool aged children. 
     Limited evidence also exists about the association between the amount of PT and the 
performance of walking in children with CP. Studies of increased amounts of PT 
employing task-specific training of walking using treadmills have found improvements in 
walking capacity on GMFM dimensions D and E15 and walking performance measured 
on the PEDI.16 An intensive study of functional, goal-directed activity training in a group 
setting found improvements on the PEDI Caregiver Assistance mobility scale after a 3-
week episode of therapy, 3 hours per day, 5 days per week.17 Results of a program of 
similar intensity using functional activities and strengthening showed improvements in 
performance outcomes measured on the Canadian Occupational Performance Measure 
(COPM) and Pediatric Outcomes Data Collection Instrument (PODCI) that were 
maintained after 3 months but found no significant improvements in community walking 
performance measured using StepWatch Activity Monitors.18 Comparing the results of 
intensity studies is complicated by the variability in interventions applied in different 
amounts. 
     The objective of this study was to determine the relationship between the parent 
reported focus and amount of PT interventions and the usual method of walking in home, 
school, community, and outdoors settings in young children with CP, GMFCS levels II-
III (Figure 1). We hypothesized that a greater extent of focus on balance activities for 
postural control, strengthening exercises, transfer training, and mobility training, and a 
higher amount of PT would be associated with walking with more independence in daily 
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life. Knowledge about interventions associated with daily walking performance will 
contribute to evidence-based decision making for efficient PT services.  	  
	  
Figure 1. Model of the Relationship between the Focus and Amount of Physical 
Therapy and Walking Performance in Daily Settings for Young Children with 
Cerebral Palsy, GMFCS Levels II-III. 	  
 
3:3 Method 
Design and Participants 
This study was a secondary data analysis of a subsample of 84 participants in the 
Movement and Participation in Life Activities of Young Children (Move & PLAY) 
study.19 Institutional review board approval was obtained and parents provided informed 
consent to participate. Parents of children with CP classified GMFCS levels II (47.6%) 
and III (52.4%) residing in the United States (63.1%) and Canada (36.9%) participated in 
this study (Table 1). Children were 24-64 months, average age 41.5 months (SD=11.3), 
Walking 
Performance in 
Daily Settings 
 
Focus of  
Therapy 
Amount of  
Therapy 
•  Home 
•  Preschool 
•  Outdoors 
•  Community 
•  Balance Exercises 
for Postural Control 
•  Strengthening 
Exercises 
•  Transfer Training 
•  Mobility Training 
•  All settings  
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58.3% were boys. Parent respondents were mostly mothers (90%), average age 41.3 years 
(SD=7.5). In five cases the parent respondent for the outcome, e.g., father, was different 
from the parent respondent for the predictor variables, e.g., mother. Parents of 68 children 
reported at the end of study that their child was attending preschool. Of these, 50 (73.5%) 
parents had reported at the beginning of the study that their child was receiving PT 
through early intervention or preschool settings. 
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Table 1. Descriptive Statistics of Participants at Beginning of Study 
 
Child and Family Variables 
 
All Participants 
(n=84) 
 
Child Age (months)* 
    Mean (SD) 
 
  41.5 (11.3) 
Child Gender, n (%) 
    Male 
    Female 
 
49 (58.3) 
35 (41.7) 
GMFCS, n (%) 
    Level II 
    Level III 
 
40 (47.6) 
44 (52.4) 
Child Race, n (%) 
    Caucasian 
    Bi-racial 
    Other 
 
60 (71.4) 
12 (14.3) 
12 (14.3) 
^Parent Age (years) 
    Mean (SD) 
 
 41.3 (7.5) 
^Parent Education, n (%)  
    High School or below 
    Community college or technical degree 
    Bachelors or Masters degree 
 
23 (27.4) 
23 (27.4) 
38 (45.2) 
^Parent Annual Income, **n (%) 
    < $45,000 
    $45,000 - $74,999 
    ≥ $75,000 
 
28 (33.7) 
25 (30.1) 
30 (36.1) 
^Parent Employment, n (%)  
    Full time 
    Part time 
    Not employed 
 
28 (33.3) 
23 (27.4) 
33 (39.3) 
Residing Country, n (%) 
    United States 
    Canada 
 
53 (63.1) 
31 (36.9) 
 
* Computed on (n=83); missing date for one child between 56 and 69 months of age. 
** Computed on (n=83); missing parent income data for one case.   
^ Parent demographic information presented on parents who completed the initial 
questionnaire on the services children were receiving. In 94% of cases this also applies to 
the parent completing the outcome questionnaire. 
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Measures  
The GMFCS was used to determine eligibility for this study. The GMFCS classifies a 
child’s usual motor performance in home, school, and community settings with an 
emphasis on sitting and walking, including the need for AMD.20 Inter-rater reliability has 
been reported for children 2-12 years of age classified level II (Kappa=.47) and level III 
(Kappa=.91).20 
Focus and Amount of Physical Therapy  
The service questionnaire is a parent report measure developed by Move & PLAY 
investigators to collect information about the types and amount of services the child 
receives and the focus of therapy services received in the past year.21 Four items from the 
service questionnaire were analyzed based on research evidence8,12,14,22 and practice 
knowledge to represent the focus of PT interventions on impairments or activity 
limitations potentially associated with the usual method of walking. Balance activities for 
postural control is described as practice of holding different positions, responding to a 
bump or tilt, or reaching and regaining balance. Strengthening exercises is described as 
muscle activity against resistance such as lifting heavy toys, riding a tricycle with weights, 
or use of ankle or wrist weights. Transfer training is described as moving from one 
position to another, transferring from one surface to another. Mobility training is 
described as movement through the environment via crawling, walking, use of crutches, 
walker, or wheelchair. The focus of each of the interventions is rated on an ordinal scale: 
(1) not at all, (2) to a small extent, (3) to a moderate extent, (4) to a great extent, and (5) 
to a very great extent. Moderate to high test retest reliability has been reported for 
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balance activities and strengthening exercises, (r=.65) and for transfer training and 
mobility training, (r=.95).23 
      The service questionnaire also includes the total amount of PT the child currently 
receives in all settings. The amount of therapy for this study was previously calculated 
from parent reported estimates of the number of PT sessions per month and average 
number of minutes per session.24 The total amount of PT includes PT received through 
early intervention or school programs, hospital clinic, rehabilitation center, or private 
therapy services.  
Usual Method of Walking (Home, Preschool, Community, Outdoors)  
The mobility questionnaire is a parent report measure of children’s usual way of moving 
around in 1) home, 2) preschool or childcare (preschool), 3) community buildings e.g., 
stores, restaurants, churches, malls, and 4) outdoors settings.2 The mobility questionnaire 
lists 9 mobility response options encompassing being carried by an adult, moving on the 
floor, walking with or without assistance of people or objects, and using a wheelchair for 
mobility. The parent indicated the one way the child most often moves around in each 
setting and, if applicable, the walking aid used most often.2,10 
     For this study, response options on the mobility questionnaire were converted to a 7-
item ordinal scale representing our outcome, the usual method of walking. Walking levels 
for each setting reflect the extent of independence in walking in daily life: (0) not 
walking, (1) walks with body-supported walking aid, e.g. gait trainer/baby walker, (2) 
takes steps with adult assistance, (3) walks holding onto wall or furniture, (4) walks with 
walker, (5) walks with crutches, (6) walks with canes, (7) walks alone without any 
assistance.  
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Procedure 
Children’s GMFCS level was determined at the beginning of the Move & PLAY study by 
physical therapist assessors. Parents completed the service questionnaire during the 
second data collection session, on average 7 months later. For 76 (90.5%) parents, trained 
interviewers administered the service questionnaire by telephone and parents referred to 
written questions that had been mailed prior to the interview. Eight parents (9.5%) 
completed the service questionnaire in paper form returned by mail or at a home or clinic 
visit. Parents completed the mobility questionnaire during the final data collection session, 
on average 5.5 months (SD=1.8) after the service questionnaire was completed.  
Data Analysis  
Data were analyzed using SPSS version 20.0 (IBM SPSS Statistics, Inc., Chicago, IL). 
Due to missing data, mean substitution for 2 cases was used to input the average value for 
minutes per session of PT for children receiving services in their respective peer age 
groups. Descriptive statistics were computed for child and family demographics, focus 
and amount of therapy service variables, and children’s usual method of walking.  
      Response data for balance activities for postural control, transfer training, and 
mobility training were not normally distributed and were transformed to 3 levels: not at 
all to a moderate extent, to a great extent, and to a very great extent. Response data for 
strengthening exercises and total amount of PT were not strongly skewed and were not 
transformed.  
     Data for the usual method of walking in each setting were not normally distributed 
and were transformed to improve the distributions for the regression analyses. For the 
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home and community settings, response options were transformed to 3 levels. For the 
preschool and outdoors settings, response options were transformed to 4 levels (Table 2). 
 
Table 2. Usual Method of Walking in Home, Preschool, Community, and Outdoors 
Settings 
 
 
Usual Method of Walking Response Levels 
0) Not walking 
1) Walks with body-supported walking aid, e.g., gait trainer/baby walker 
2) Takes steps with adult assistance 
3) Walks holding onto wall or furniture 
4) Walks with walker 
5) Walks with crutches 
6) Walks with canes 
7) Walks alone without any assistance  
 
 
Environmental Setting 
 
 
Transformed Variable Response Levels 
 
 
 
Home 
 
1) Not walking 
2) Walks with body supported 
walking aid, adult assistance, 
holding onto wall or furniture, 
walker, crutches, or canes  
3) Walks alone without any 
assistance 
 
 
 
Preschool and 
Outdoors 
 
1) Not walking 
2) Walks with body-supported 
walking aid, adult assistance, or 
holding onto wall or furniture 
3) Walks with walker, crutches, or 
canes  
4) Walks alone without any 
assistance 
 
 
Community 
 
1) Not walking 
2) Walks with body-supported 
walking aid or adult assistance 
3) Walks with walker, crutches, or 
canes, or walks alone without any 
assistance 
	  	  	  	  
113	  
	  
      Correlations between predictor variables were examined through Pearson product 
moment coefficients. Tolerance values and collinearity diagnostics indicated no problems 
with multicollinearity. The assumptions of linearity and normal distribution of errors 
were met.  
     Multiple linear regression analysis was used to determine the predictors of children’s 
usual method of walking in each of the 4 settings, home, preschool, community, and 
outdoors. Due to limited evidence about the prediction of walking in natural 
environments, all predictor variables were entered simultaneously into the regression 
model. Statistical significance was set at alpha < .05 for all analyses.   
3:4 Results 
Proposed predictors of children’s usual method of walking are presented in Table 3. Most 
parents reported therapists focused to a very great extent on balance activities for postural 
control, 52 (61.9%), and on mobility training, 47 (56.0%). Thirty-one (36.9%) parents 
reported a very great extent of focus on transfer training and 25 (29.8%) parents reported 
a very great extent of focus on strengthening exercises. 
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Table 3. Parent Report of Focus of Physical Therapy Interventions for Their 
Children with Cerebral Palsy 
 
* Predictors represented before transformations. 
 
 
     Children received on average 341.0 (SD=244.8) minutes per month (range 20-1140 
minutes) of PT in all settings. Thirty-one (36.9%) children received PT less than 240 
minutes per month (1 hour per week), 37 (44%) received PT 240 to 480 minutes per 
month (1-2 hours per week), and 16 (19.0%) received PT more than 2 hours per week.  
      Low to moderate correlation was found between some predictor variables. Balance 
activities for postural control was correlated with strengthening exercises, r=.34, (P<.01), 
transfer training, r=.51, (P<.001), and mobility training, r=.39, (P<.001). Strengthening 
exercises was moderately correlated with mobility training, r=.38, (P<.01). Total PT time 
was mildly correlated with balance activities for postural control, r=.24, (P<.05) and 
strengthening exercises, r=.22, (P<.05).  
 
Ordinal  
Rank 
 
Predictor  
Variables 
 
Focus on Balance 
Activities for 
Postural Control 
n (%) 
 
Focus on 
Strengthening 
Exercises 
n (%) 
 
Focus on 
Transfer 
Training 
n (%) 
 
Focus on 
Mobility 
Training n 
(%) 
 
 
1 
 
Not at all 
 
          0 (0) 
 
17 (20.2) 
 
3 (3.6) 
 
2 (2.4) 
 
2 
 
To a small 
extent 
 
3 (3.6) 
 
 
13 (15.5) 
 
9 (10.7) 
 
3 (3.6) 
 
3 
To a 
moderate 
extent 
 
8 (9.5) 
 
13 (15.5) 
 
9 (10.7) 
 
4 (4.8) 
 
4 
 
To a great 
extent 
 
21 (25.0) 
 
 
16 (19.0) 
 
32 (38.1) 
 
28 (33.3) 
 
5 
 
To a very 
great extent 
 
52 (61.9) 
 
 
25 (29.8) 
 
31 (36.9) 
 
47 (56.0) 
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      The distribution of children’s usual method of walking in all settings is listed in Table 
4. At home, more than half of children (54.8%) were not walking and 27.4% walked 
alone without assistance. Nearly one third (32.4%) of children attending preschool were 
not walking and half (50%) walked alone without any assistance or walked with a walker 
or canes. Most children were not walking in the community (63.1%) and almost half 
(48.8%) were not walking outdoors. More children walked alone without any assistance 
or with walker or canes outdoors, (32.1%) than in the community, (23.8%). The AMD 
used by the most number of children was a walker. 
 
Table 4. Children’s Usual Method of Walking in Home, Preschool, Community, and 
Outdoors Settings  
 
Ordinal 
Rank	  
Usual Method of 
Walking	  
Home 
n (%)	  
Preschool 
n (%)	  
Community 
n (%)	  
Outdoors 
n (%) 
	  
0	   Not walking	     46 (54.8) 22 (32.4)	   53 (63.1)	   41 (48.8) 
	  
1	   Walks with body-
supported walking 
aid, e.g., gait 
trainer/baby walker	  
 
    0 (0)	  
 
2 (2.9)	  
 
1 (1.2)	  
 
2 (2.4)	  
2	   Takes steps with 
adult assistance	  
4 (4.8)	    8 (11.8)	   10 (11.9)	   14 (16.7)	  
3	   Walks holding onto 
wall or furniture	  
5 (6.0)	   2 (2.9)	         0 (0)	        0 (0)	  
4	   Walks with walker	   5 (6.0) 
	  
17 (25.0)	   12 (14.3)	   10 (11.9)	  
5	   Walks with 
crutches	  
    0 (0) 
	  
   0 (0)	         0 (0)	        0 (0)	  
6	   Walks with canes	   1 (1.2)	      2 (2.9)	    1 (1.2) 
	  
2 (2.4)	  
7	   Walks alone 
without any 
assistance	  
  
  23 (27.4) 
 
15 (22.1)	  
 
7 (8.3)	  
 
15 (17.9)	  
Total N	   84	   68	   84	   84	  
 
* Outcome represented before transformations. 
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Predictors of Walking Performance 
     Results of the multiple regression analyses that included balance activities for postural 
control, strengthening exercises, transfer training, mobility training, and total amount of 
PT received per month significantly predicted the usual method of walking outcome in 
the preschool setting, F (5,62) = 2.52, P<.05. The model predicted 17% of the variance in 
mobility at preschool. A focus on strengthening exercises was the only significant 
predictor of the walking outcome in preschool, (P<.05) (Table 5). The regression model 
was not predictive of the walking outcome in the home, community, or outdoors settings.  
 
Table 5. Multiple Regression Analysis for Usual Method of Walking at Preschool* 
	  
Predictor	  Variables	  
	  
Unstandardized	  
Coefficients,	  B	  
95%	  
Confidence	  
Intervals	  
	  
Standardized	  
Coefficients,	  
Beta	  
	  
P	  
	   Lower	  Bound	   Upper	  Bound	  
Focus	  on	  Balance	  
Activities	  for	  
Postural	  Control	  
-­‐.085	   -­‐.562	   .392	   -­‐.053	   .723	  
Focus	  on	  
Strengthening	  
Exercises	  
	  
.256	   .055	   .457	   	  	  	  	  	  	  	  	  	  	  	  .335	   .014	  
Focus	  on	  Transfer	  
Training	  
	  
-­‐.383	   -­‐.781	   .016	   -­‐.262	   .059	  
Focus	  on	  Mobility	  
Training	  
	  
.169	   -­‐.283	   .621	   .099	   .458	  
Total	  Amount	  of	  PT	  	   -­‐.001	   -­‐.002	   .000	   -­‐.158	   .198	  
 
*R2 = .169. Adjusted R2 = .102. Adjusted R2 provides a better estimate of the amount of 
variance explained in the population from which the sample was taken. The unadjusted 
R2 overestimates the population value.  
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3:5 Discussion 
Results of this study partially supported our hypothesis, finding that a parent reported 
focus on strengthening exercises predicted walking with more independence at preschool. 
This study did not examine any specific strength training protocol. Strengthening 
exercises described in the measure include resistance during activities such as riding a 
tricycle with weights, or resistance through use of ankle or wrist weights, not specified 
whether in conjunction with an activity. Our results contribute to research evidence 
examining the effectiveness of strengthening in children with CP. Studies that included 
strengthening in functional activities have found improvements in sit to stand tasks, and 
walking capability, speed and efficiency.7,12-14 Different from previous studies examining 
walking capacity, our study found an association between a parent reported focus on 
strengthening exercises and walking performance in preschool. Additional studies are 
needed to specifically examine the relationship between methods of strengthening, such 
as within a functional activity (sitting to standing during daily activities) and usual 
methods of walking.  
     Consistent with findings of Tieman and colleagues11 children in this study exhibited 
variability in usual methods of walking especially in settings outside the home. We found 
more children walked alone without any assistance or with an AMD at preschool than in 
home, community, or outdoors settings. Walking with more independence in preschool 
may be attributed to contextual factors in the preschool environment and motivation in 
the child to participate in activities with peers. Per parent report, a majority of children 
received services at preschool. Therapy services at preschool are supportive of education 
and may be integrated into the daily school routine. The preschool environment affords 
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natural opportunities for strengthening during functional activities such as squatting to 
standing from the floor, carrying toys, climbing on playground equipment, and riding 
tricycles.  
       Results showed that our model was predictive of walking in preschool but was not 
predictive of walking in other settings. Parents of young children may influence chosen 
methods of mobility through providing opportunities to walk with more independence in 
different settings. However space restrictions may limit the use of AMD in the home. 
Likewise, children who have the capacity to take independent steps or walk with AMD’s 
in preschool may be pushed in a stroller or wheelchair inside community buildings or 
outdoors where distance or uneven terrains impact convenience and safety. In this study, 
specific details of where therapy services were provided were not available. It is therefore 
possible that if children receive PT services at preschool but not at home, in community 
buildings, or outdoors, parents and other providers may not receive instruction on how to 
promote more independent walking in these settings. Similarly, a focus of interventions 
on walking capacity in clinic-based settings may not translate into improved walking 
performance in home, community, or outdoors settings. Supported by principles of motor 
learning, permanent change in walking performance is influenced by practice in therapy 
and during daily routines.25 Therefore, our inability to predict the walking outcome in 
home, community, or outdoors settings may be attributed to the complexity of factors 
limiting opportunities for practice of walking in these environments.  
Clinical Impressions 
Optimizing walking independence in daily life may require specificity of examination 
and practice of walking in different settings.10 This concurs with current rehabilitation 
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approaches emphasizing task-oriented training of activities that are meaningful to the 
child and family.7 Communication and collaboration between therapists, parents and 
others could increase the opportunities for practice of functional strengthening activities 
and walking performance in home, preschool, community, and outdoors settings. We 
recommend that therapists communicate the rationale for therapy interventions to parents 
and teachers to increase task-specific practice of activities considered foundational for 
walking. Interventions for functional strengthening in closed chain activities that simulate 
walking, i.e., tricycle pedaling26 are indicated to contribute to performance of walking 
with more independence. Frequent opportunities for practice of functional strengthening 
activities such as climbing the ladder to go down the slide or negotiating a climbing wall 
at the park, or walking on steps or ramps at the play gym might increase independence in 
walking in community and outdoors settings. From our perspective, if more 
independence in walking is the goal, we recommend that the child practice walking with 
less assistance during therapy and throughout their daily activities. Thus, a child with CP 
who walks independently with a walker might also practice walking with one or two 
hands held or with mutually held objects in order to move to a higher level of walking 
independence. To address the contextual factors (ICF) that influence daily walking 
performance, PT services for young children with CP may need to be delivered in 
multiple settings. 
Limitations 
The results of this study should be cautiously interpreted as only one variable predicted 
walking performance in only one setting. A primary limitation of this study is the broad 
definitions of parent perceived focus of PT interventions that might not directly relate to 
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the walking outcome. As described in the measure, a focus on balance activities for 
postural control was not specific to standing or walking, and mobility training included 
mobility on the floor or in a wheelchair. Transfer training was not specific to sitting 
to/from standing transfers, a task that was found to predict walking capacity, i.e., taking 3 
or more steps independently in our previous study.27 As previously reported in a small 
sub study of Move & PLAY participants, we acknowledge that parent’s perceived focus 
of therapy interventions might have differed from therapist’s actual focus of therapy.23 
Similarly, the total amount of PT was not specific to interventions focused on learning to 
walk with more independence. Acknowledging the nature of integrated therapy services 
in preschool, therapists potentially focus on all of these interventions during a single 
session, i.e., postural control in sitting on a chair at the snack table, transferring from 
sitting on a bench or chair to standing and returning to sitting, and taking steps with 
hands held to walk to play centers in the classroom, or using a walker to walk to the 
playground. Additional studies are needed to more precisely examine the types and 
amount of physical therapy interventions and practice of functional activities during daily 
life that are potentially associated with more independent walking performance in home, 
preschool, community, and outdoors settings. Examination of the following types of 
activities is recommended: walking training with less assistance, balance activities for 
anticipatory postural control during standing and walking, and strengthening during 
functional tasks. 
3:6 Conclusion 
This study adds to previous research supporting strengthening in physical therapy for 
children with CP. For young children classified GMFCS levels II-III, a parent reported 
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focus on strengthening exercises was the only predictor positively associated with 
walking performance in the preschool setting. The complexity of factors limiting 
opportunities for practice of walking at home, outdoors, and in the community may have 
contributed to the lack of prediction of walking in these settings. Walking independence 
may be influenced by the people and settings where walking is practiced. We believe that 
physical therapists have an important role in providing interventions focused on 
strengthening and practice of walking with more independence as well as consultation, 
collaboration, and coordination with parents and others to optimize daily walking 
performance in various settings. 
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       Independent walking for even short distances is important for children’s participation 
in daily physical activities and development of social relationships. Previous research on 
the prediction of walking for children with cerebral palsy (CP) has focused primarily on 
motor abilities such as sitting independently. Research on the effectiveness of physical 
therapy interventions for children with CP has focused on postural control and muscle 
weakness at the impairment level of the International Classification of Functioning and 
Disability (ICF) and task-specific training of walking activity using treadmills. Physical 
therapy services for children with CP have traditionally been ongoing throughout 
childhood. To date, no studies have investigated children’s motor abilities, family 
environmental influences, and physical therapy services associated with walking capacity 
or walking performance in daily activities. The purpose of this dissertation was to begin 
to understand the child and family factors and characteristics of physical therapy services 
that are predictive of walking with less assistance of persons or assistive mobility devices 
(AMD), i.e., more independent walking in young children with CP, whose motor skills 
are classified at levels II-III on the Gross Motor Function Classification System 
(GMFCS). This knowledge will contribute to collaborative physical therapy decision-
making between the therapist and family to support walking with more independence in 
everyday settings. 
4:1 Study 1 Summary  
      The first study examined a person-environment model of child and family factors 
potentially indicating readiness for independent walking in young children with CP. The 
participants were a cohort of children with CP, classified GMFCS levels II or III, 18-57 
months of age who participated in the Movement and Participation in Life Activities of 
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Young Children (Move & PLAY) study. Children in the first study (N=80) were walking 
less than 3 steps without support at the beginning of the study. The outcome variable, 
ability to walk ≥ 3 steps independently as measured on the Gross Motor Function 
Measure (GMFM-66) identified a Walker. The conceptual model illustrates the child and 
family factors proposed to be associated with taking steps independently. The predictor 
variables included four child factors: 1) postural control, 2) reciprocal lower limb 
movement, 3) functional strength, and 4) motivation, and two family factors: 1) family 
support to child and 2) support to family. The first three child variables describing child 
neuromuscular functions were measured using the GMFM basal and ceiling approach 
(GMFM B&C), administered by therapist assessors at the beginning and end of the 
yearlong study. Data for child motivation and the family factors was obtained through 
parent telephone interview an average of seven months after the start of the study. Child 
motivation was measured using selected items from the Early Coping Inventory (ECI), an 
observational measure of adaptive behaviors in young children. Family support to child, 
describing family expectations of the child and opportunities provided for developmental 
learning, was measured using items selected from three measures: Family Expectations of 
Child (FEC), Family Support to Child (FSC), and the service questionnaire. Support to 
family, describing support from extended family and others, was measured using the 
Family Support Scale (FSS). Differences between Walkers and Non-walkers were 
calculated using independent t tests for continuous variables and chi square tests for 
categorical variables. Logistic regression analysis was used to identify the variables that 
were predictive of the walking outcome one year later.  
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Modifications to Proposed Study 
      A modification to the research proposal was made for the standing item of the 
postural control variable due to lack of variability in scores for the original item, GMFM 
item 56, “standing with arms free for 20 seconds”. Because few children were able to 
pass criterion on this item, an item with a lower level of difficulty was chosen, GMFM 
item 53, “standing with arms free for 3 seconds”. Scores on this new variable were more 
evenly distributed. A minor modification was made to the reciprocal lower limb 
movement variable that was dichotomized to represent ‘Crawlers’ and ‘Non-crawlers’ 
due to most children scoring at the extremes. Mean substitution was used to replace a 
missing value for one Pediatric Balance Scale (PBS) item of the functional strength 
variable. 
     Another modification was made for the method of variable entry into the logistic 
regression analysis. Because prediction of walking in children with CP is a new area of 
research, predictor variables were initially entered simultaneously into the model, 
however the significance of the Hosmer and Lemeshow test indicated the model was not 
a good fit. The predictors were then entered into the model using a backward stepwise 
method that improved the model fit. 
Results of Logistic Regression 
     Results of the logistic regression showed that functional strength as measured from 
performance of a sit to stand task was the only significant predictor of taking 3 or more 
steps independently. Although child neuromuscular functions of postural control and 
reciprocal lower limb movement were significant univariate predictors of independent 
walking, both variables fell out of the final regression model. Applying the model, a 
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clinician would correctly predict a child as a Walker or Non-walker 75% of the time. The 
high specificity of the model improved the positive predictive value (PPV) for walking 
but the low sensitivity of the model suggests that other predictors not included in the 
model might be important. The receiver operating characteristic (ROC) curve for 
functional strength showed that the optimal level of ability in the sit to stand task in order 
to first predict walking corresponds to a cutoff score of 4, reflecting ability to stand from 
a bench using hands.  
Post Hoc Analyses  
     To better understand the results of the logistic regression, we considered whether 
grouping the two GMFCS levels together (II’s and III’s) affected the results. There were 
too few children in level II to analyze this group separately using logistic regression with 
all six predictor variables. We therefore examined the biserial and point biserial 
correlations between each of the three child neuromuscular variables and the walking 
outcome for children classified GMFCS level II. The results however showed low 
associations between each variable (postural control, reciprocal lower limb movement, 
and functional strength) and the walking outcome that were non-significant. 
     The fact that functional strength was the only significant predictor in the model 
prompted further analyses to interpret these findings and explore potential interactions 
that could have influenced the results. During the logistic regression analysis, the family 
support variable dropped out of the equation after step 2, coinciding with the change in 
the significance of the Hosmer and Lemeshow test that became non-significant after step 
2. This finding stimulated further investigation of the possible interaction between family 
support and functional strength in the regression model. Logistic regression analysis 
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entering three predictor variables, functional strength, family support, and the interaction 
between these two variables, showed that the interaction was non-significant. Finally, 
because postural control was moderately correlated to functional strength and reciprocal 
lower limb movement, we examined the postural control variable through univariate post 
hoc analysis. The ROC curve for postural control showed a 67% probability of accurately 
predicting walking. 
     Because of the low sensitivity of the model, children who did not follow the predictive 
criteria for functional strength were also examined descriptively. Children who scored 
high on functional strength but did not walk, and children who scored low on functional 
strength but did walk, were potentially influenced by other factors including procedures 
for spasticity management and other health conditions. 
      Exploration of children’s walking ability after one year showed that most Walkers 
(85.7%) were classified GMFCS level II and 62% were able to walk at least 10 steps, turn 
and return to start. Most Non-walkers (91.5%) did not take any independent steps. This 
information further validated our study results that the sit to stand task predicted two 
distinct walking ability groups.   
     Children classified GMFCS level II at the beginning of the study. Just over half of 
the children classified GMFCS level II attained the walking outcome over the year. To 
better understand the prediction of walking in children in level II, expected to walk 
between 4 and 6 years without AMD, we explored the characteristics of children 
classified level II at the beginning of the Move & PLAY study. This group included 12 
children already walking, and therefore excluded from my study, and 33 children who 
were not walking. Group comparisons using independent samples t tests found that 
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children walking were older than children not walking and, consistent with Walkers in 
our study, scored significantly higher on the functional strength variable. Children in 
level II already walking also scored significantly higher on total GMFM scores and on 
the new balance measure developed by Move & PLAY investigators, the Early Clinical 
Assessment of Balance (ECAB). These cases suggest that age may matter in this young 
cohort of children who might not have matured to a high enough developmental level to 
achieve key neuromuscular functions. 
Conclusion 
     Results of this study, using secondary data analysis, showed that functional strength in 
a sit to stand task, that includes dynamic postural control and coordinated movements of 
the body, was a significant predictor of taking 3 or more steps independently one year 
later in children with CP classified GMFCS levels II-III. Static postural control, 
reciprocal lower limb movement during crawling, child motivation, family support to the 
child, and support to the family were not predictive of taking independent steps. However, 
based on post hoc analysis, postural control does seem to be an interesting factor to 
explore further. Prospective studies using a time series design are needed to determine 
indicators of readiness for independent walking in young children with CP. 
4: 2 Study 2 Summary 
     The objective of this study was to determine the relationship between a parent 
reported focus of interventions and amount of physical therapy and the usual method of 
walking in home, school, community, and outdoors settings in young children with CP. 
Participants in the second study were 84 children classified GMFCS levels II (47.6%) and 
III (52.4%) who were 24-64 months of age at the beginning of the study, with an average 
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age of 41 (SD=11.3) months. The outcome variable was adapted from a Move & PLAY 
performance measure, the mobility questionnaire, a parent report measure of children’s 
usual way of moving around in four daily settings, i.e., home, preschool or childcare 
(preschool), community buildings, or outdoors. For this study, responses on the mobility 
questionnaire were converted to a 7-item ordinal scale representing progressive levels of 
walking assistance from persons, stable objects, or assistive mobility devices including 
body-supported walking aids, walkers, or canes.  
     The conceptual model for walking performance in daily settings illustrates that the 
focus of physical therapy interventions and the amount of therapy are hypothesized to 
influence walking. The proposed predictor variables included a parent reported focus on 
1) balance activities for postural control, 2) strengthening exercises, 3) transfer training, 
4) mobility training, and the 5) amount of therapy provided in all settings. Predictor 
variables selected from the service questionnaire measured parent perceptions of the 
extent of focus of therapy on each intervention area and the frequency and length of 
physical therapy sessions their children received.  
     Planned participants for inclusion in this study were children classified GMFCS levels 
I-III. However, due to the lack of variability in scores in the outcome variable for 
children in level I, e.g., over 95% of children were walking alone without assistance at 
home or preschool, it was decided to only include children in levels II-III. Modifications 
were required in this study to transform all of the outcome variables and three of the 
predictor variables that were not normally distributed. Mean substitution was used to 
input values for two cases missing data for physical therapy minutes per visit. Multiple 
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linear regression analyses were performed to determine the predictors of children’s usual 
method of walking in each of the four settings. 
      In this study, the regression model was predictive of the usual method of walking in 
preschool but was not predictive of walking in home, community, or outdoors settings. 
Strengthening exercises was the only predictor positively associated with walking 
performance in preschool. The complexity of factors limiting practice of walking in 
different settings may have contributed to our inability to predict the performance of 
walking in other settings. Additional research is needed to identify PT interventions that 
predict more independence in daily walking.  
4:3 Summary of Dissertation Research 
The most interesting finding of these studies is that the construct of strength, elucidated 
in capacity for functional strength and a focus on strengthening exercises, was 
highlighted as predictive of walking from both an ability perspective and a services 
perspective. Extensive research over the past 10-15 years has supported strengthening in 
children with CP without adverse effects on spasticity. However, study results are 
difficult to compare due to a wide variety of strengthening protocols and types of 
strengthening exercises, e.g., isotonic, isokinetic, and functional. Most positive effects are 
reported at the body function and structures and activity levels of the ICF. Outcomes are 
measured using dynamometry, isokinetic testing, or measures of walking capacity such as 
the walking, running, and jumping dimension of the GMFM (dimension E), timed walks, 
or gait parameters through gait analysis. Few studies have used performance outcomes to 
measure the effects of strengthening programs on walking in daily settings.  
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     Researchers have used functional strengthening activities in training programs and as 
a way to measure outcomes in children with CP. Examples include squat to stand, sit to 
stand, and lateral step up activities. The functional strength measure in my first study was 
a sit to stand task that is considered a ‘pre-walking’ ability. The strengthening exercise 
variable in the second study was broad but included pedaling a tricycle with weights, a 
functional closed chain activity. This research supports repetitive opportunities for 
practice of functional strengthening activities to promote more independent walking in 
young children with CP. Additional studies are needed to determine how much functional 
strengthening is needed and if practice in other settings, i.e., in home, community, and 
outdoors settings could improve children’s participation through more independent 
walking. 
     The primary limitation of my studies is the lack of specificity of the predictor 
variables to the outcome of walking. In the first study, the postural control variable was a 
more static measure of balance in bench sitting and standing, not a dynamic measure of 
postural control in moving the body through space. The reciprocal lower limb variable 
measured coordinated movements between all limbs rather than reciprocity of lower limb 
movement through stepping while upright on the feet. Further research is needed to 
identify precise measures of child neuromuscular functions that indicate readiness to take 
independent steps. Additionally, more frequent measurement of child ability to take steps 
independently is recommended to capture ongoing change in motor capacity in young 
children. In the second study, the descriptions of parent reported focus of therapy 
variables were broad and not explicit to interventions focused on walking. Similarly, the 
amount of physical therapy was a measure of total therapy time, not just the amount of 
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time focused on interventions targeting walking. Future studies are recommended to 
precisely determine predictors of children’s capacity for independent walking and daily 
walking performance in home, preschool, community, and outdoors settings.  
     These observational studies did not address the potential to improve walking with 
practice in young children with CP, levels II-III. Research is needed to investigate 
episodes of targeted interventions focused on walking with more independence.  
4:4 Research Recommendations 
     Presented below is a conceptual framework for future studies based on the results of 
these two studies. The first study examining child and family characteristics found that 
functional strength in a sit to stand task was predictive of taking independent steps. The 
second study examining the focus and amount of therapy services found that a parent-
reported focus on strengthening exercises was related to walking with more independence 
in preschool. Consistent with the ICF, I recommend that future studies examine the 
proposed linkages between strengthening in functional activities including sitting to 
standing, taking independent steps, and walking performance in daily life.  
 
	  	  	  	  
136	  
	  
  
Figure. Model of Conceptual Framework for Future Studies 
 
4:5 Implications for Clinical Practice 
     Based on the results of my studies, strengthening in functional activities that involves 
adjustments in postural control and coordinated trunk and lower limb movements is 
recommended to promote more independent walking in young children with CP, GMFCS 
levels II and III. Standing up from and sitting down on a bench or chair is a dynamic 
functional activity that can easily be incorporated into the child’s daily routine. Other 
functional activities that incorporate strengthening such as carrying blocks in the 
classroom, climbing the ladder on the slide, or pedaling a tricycle with weight resistance 
might naturally be repeated during a typical preschool day.   
      The finding that physical therapy interventions were associated with walking in 
preschool but not related to walking in other settings might be due to logistical challenges 
related to providing services in other environmental settings. Therapists who effectively 
communicate with parents, teachers, and community providers might increase 
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opportunities for practice in other settings such as the home, in community buildings, e.g., 
at the grocery store or play gym, and outdoors at the playground or park. To promote 
walking independence, task-specific practice of walking with the least amount of 
assistance in daily environments presents natural opportunities for functional 
strengthening and other components of walking through negotiation of uneven surfaces 
such as ramps, grass, or stairs. For example, in a child who uses an AMD, it may also be 
important to practice walking with one hand held in order to prepare for independent 
walking. Comprehensive models of service delivery include communication and 
coordination with parents to promote walking with less assistance in everyday settings, 
and consultation and collaboration with preschool and community recreational providers 
to provide opportunities for walking practice throughout the child’s day. 
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